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MHC COMPLEXES AND USES THEREOF 




BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to novel complexes of major histocompability 
complex (MHC) molecules and uses of such complexes. For example, in one aspect, 
5 the invention relates to empty MHC complexes that contain a MHC molecule with a 
peptide-binding groove and a presenting peptide non-covalently linked to the MHC 
protein. In another aspect, the invention relates to MHC class II-peptide fusion 
complexes which include a single chain MHC class II molecule and a presenting 
peptide covalently linked to the peptide binding groove of the MHC protein. MHC 
10 complexes of the invention are useful for a variety of applications including in vitro 
screens for identification and isolation of peptides that modulate activity of T cells. 

2. Background 

Antigen-specific T cell responses are invoked by antigenic peptides bound*) 
15 the binding groove or cleft of major histocompatibility complex (MHC) glycoproteins 
as part of the mechanism of the immune system to identify and respond to foreign 
antigens. The bound antigenic peptides interact with T cell receptors and thereby 
modulate an immune response. The antigenic peptides are bound by non-covalent 
means to particular "binding pockets" comprised of polymorphic residues of the MHC 
20 protein's binding groove. 

MHC class II molecules are heterodimeric glycoproteins consisting of a and /? 
chains. The al and 01 domains of these molecules fold together to form a peptide 
binding grove. Antigenic peptides bind the MHC molecule through interaction 
25 between anchor amino acids on the peptide and the al and j81 domains. Crystal 
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structure of human class H HLA-DR1 complex with an influenza virus peptide 
indicate that the N- and C-tenninal ends of the bound peptide extend out of the 
binding groove such that the C-terminus of the peptide is proximal to the N-tenninus 
of the 0 chain [J. Brown et al., Nature, 364:33-39 (1993); L. Stern et al., Nature, 
5 368:215-221 (1994)]. MHC class I molecules have different domain organizations 
than MHC class E molecules, but generally similar structure with a peptide binding 
site or groove that is distal to membrane domains [see, e.g., A. Rudensky et al., 
Nature, 353:622-626 (1991)]. See also U.S. Patents 5,284,935; 5,260,422; 
5,194,425; 5,130,297; and WO 92/18150 and WO 93/10220 for discussions of MHC 
10 molecules. 

The a and 0 chain transmembrane domains play an important role in the 
assembly and/or intracellular transport of MHC molecules. For example, amino acid 
5 changes in the TM domains can result in defective MHC molecules [P. Cosson et al. , 

f 15 Science, 258:659 (1992); W. Wade et al., Immunology, 32:433 (1995); H. Kozono et 
1 al., Nature, 369:151 (1994)]. The a and ^ chain transmembrane and cytoplasmic 

I domains have been disclosed [(see e.g., Brown, supra and references therein)]. 

W X 

* MHC molecules complexed with antigenic peptides can induce selective 

20 immunosuppression by several different mechanisms [see, e.g., J. Guery et al., 
Critical Reviexvs in Immunology, 13(3/4): 195-206 (1993)]. 

More specifically, it has been reported that peptide-MHC complexes on the 
surface of antigen presenting cells will only induce clonal expansion of a T cell line 
25 specific for the MHC bound peptide if the antigen presenting cells also deliver co- 
stimulatory signals. One proposed approach takes advantage of this requirement for T 
cell activation and reports inhibition of T cell development by interaction with the 
antigenic peptide bound to the MHC molecule in the absence of co-stimulatory signals 
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[see M. Nicolle et al., J. Clin. Invest., 93:1361-1369 (1994); and S. Sharma et al.. 
Proc. Natl. Acad. Sci. USA, 88:11465-11469 (1991)]. 

Another proposed approach inhibits T cell development with MHC molecules 
5 that contain a bound peptide that is an antagonist or partial agonist to a T cell receptor 
(TcR) [seeB. Evavold et al., Immunology Today, 14(12): 602-609 (1993)]. 

Modifications of the antigenic peptides bound to T cell receptors have been 
attempted to examine residues responsible for specific T cell responses. 
10 Determination of such "activating" amino acids of the antigenic peptides could provide 
insight of suitable sequence of a TcR partial agonist or antagonist. See Evavold, B. et 
al., supra. 



P It also has been speculated that new vaccines might be developed based on 

r 15 determination of the nature of various antigenic peptides bound to MHC molecules 
1 [see R. Chicz et al., Immunology Today, 15(4): 155- 160 (1994)]. 

* : ! 

□ SUMMARY O F THE INVENTION 

^ The present invention relates to novel complexes of major histocompability 

20 complex (MHC) molecules (class I or II), e.g., empty single chain MHC class II 

complexes, loaded single chain MHC class H complexes, and single chain MHC class 
II peptide fusion complexes and the uses of such MHC complexes. 

We have now discovered that single chain MHC class complexes without a 
25 covalently linked presenting peptide (i.e. an empty MHC complex) can be loaded by 
contacting a presenting peptide to the complex so that the presenting peptide non- 
covalently binds to the peptide binding groove of the complex. Generally, the 
presenting peptide will non-covalently bind to the peptide binding groove of the empty 
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MHC complex via stable hydrogen bonding. The single chain MHC class complexes 
of the present invention, particularly single chain MHC class n complexes, are 
surprising stable and are useful in a variety of applications. For example, loaded 
single chl MHC class U complexes or single chain MHC class H peptide fusion 
complexes can be used to modulate various immune system responses in a mammal, 
e g T cell apoptosis, T cell anergy, T cell cytokine release, immunosuppression and 
induction of T cells. Empty MHC molecules, particularly empty single chain MHC 
class H molecules, are useful in, e.g., in vitro screens for detecting peptides that 
modulate the activity of T cells, including peptides which are T cell receptor 
antagonists and partial agonists. 

We previously disclosed highly useful MHC class I and class n peptide fusion 
molecules in unpublished PCI Application No. PCT/US95/09816. filed July 3!, 1995 
(sometimes referred to herein as said "PCT Application") as well as pendmg U.S. 
application serial no. 08/382,454, filed February 1, 1995. The MHC fusion 
complexes comprise a presenting peptide covalently linked (ie. fused) to the MHC 
molecule. The PCT Application No. PCT/US95/09816 and said U.S. apphcanon^ 
serial no. 08/382,454 are herein incorporated by reference in its entirety. 

As used herein, the term -presenting peptide" refers to a peptide that is 
capable of modulating the activity of a T cell receptor, either to induce T-cell 
proliferation, to inhibit or inactivate T cell development such as determined by the 
assays disc.osed below, including the assay that includes sequential steps of cultunng 
T cells to proliferate same, and contacting the T cells with a single cham MHC 
peptide fusion complex of the invention or a loaded single chain MHC complex of the 
invention and then evaluating whether the complex inhibits farmer development of the 
T cells. 



The term "empty" (particularly "empty MHC molecule" or similar phrase), as 
used herein, refers to an MHC molecule (class I or II) of the invention which lacks a 
covalently or non-covalently bound presenting peptide. Preferably, the empty MHC 
molecule is class n and is comprised of a single polypeptide chain, rather than 
separate polypeptides. 

The term "loaded" (particularly "loaded MHC molecule" or similar phrase), as 
used herein, refers to an empty MHC molecule (class I or II) which includes a 
presenting peptide non-covalently bound to the peptide binding groove or cleft of the 
MHC molecule, preferably so that the loaded MHC molecule can modulate the 
activity of T cells. The non-covalent binding is suitably via stable hydrogen bonding 
between the presenting peptide and the peptide binding groove or cleft of the empty 
MHC molecule. The non-covalent binding can be performed in vitro or in vivo. 
Preferably, the loaded MHC molecule is class II and is comprised of a single 
polypeptide chain, rather than separate polypeptides. 

Single chain MHC peptide fusion complexes of the invention as well as those 
disclosed in said PCT Application, provide a number of significant advantages. >or 
example, prior practice required the purification of MHC molecules that had been 
previously loaded with peptides from antigen presenting cells. Such loaded peptides 
were generally tightly bound and could not be efficiently exchanged with the peptide 
of interest. In contrast, MHC complexes disclosed in said PCT application or the 
single chain MHC class II complexes of the invention can contain a single antigenic 
peptide, including such a peptide of known structure. Analysis of interactions with T 
cell receptors will be facilitated by use of such MHC molecules. Additionally, a wide 
variety of peptides can be presented for interaction with T cells by virtue of the fact 
that only a small number (ca. 4 to 6) of amino acids in the presenting peptide are 
important for binding to a particular MHC molecule. That is, a library of different 



peptides constrained only by the MHC anchor residues can be covalently linked to the 
MHC molecule for presentation of T cells. Further, for therapeutic applications, 
rather than administration of an MHC molecule to a subject, a DNA expression vector 
coding for the MHC molecule linked to the presenting peptide can be administered for 
in vivo expression of the MHC fusion complex. Such an approach avoids costly 
purification steps typically associated with preparation of recombinant proteins and 
avoids the complexities of antigen uptake and processing associated with conventional 
approaches. 

Empty MHC molecules of the present invention also provide distinct 
advantages. For example, empty single chain MHC class II molecules can be readily 
combined with various suitable presenting peptides to form loaded MHC molecules. 
The ability to conveniently load empty MHC molecules of the invention enables the 
screening of many presenting peptides to evaluate the ability of each presenting 
peptide to modulate T cell receptor activity. 

Empty MHC molecules of the invention, e.g., empty single chain MHC class 
H molecules, can be expressed as a stable polypeptide in a soluble form or on theX 
surface of mammalian cells. In either form, the empty MHC molecule can be 
contacted by a suitable presenting peptide to form a loaded MHC molecule with 
desirable T cell modulating activity. 

Single chain MHC peptide fusion molecules of the present invention and of 
said PCT application, e.g., single chain MHC class II peptide fusion molecules, 
include a presenting peptide covalently linked to the N-terminus of the a or 0 chain of 
the MHC protein. For example, a single chain MHC class II molecule has a 
presenting peptide covalently linked to the MHC a or & chain. Preferably, the 
presenting peptide is linked to the N-terminus of the o or 0 chain via a peptide linker. 



Single chain MHC peptide fusion molecules of the present invention and of 
said PCT application may be truncated (particularly, not including a transmembrane 
portion), or may be "full-length" and include a transmembrane portion, or portions 
thereof, and a cytoplasmic domain, or portions thereof. As discussed below in more 
detail, for some approaches, an MHC molecule that does not include a transmembrane 
portion is suitably employed, while for other applications MHC molecules are 
employed that contain a transmembrane portion and/or cytoplasmic portion and/or 
other such domains. In some instances where an MHC molecule does not include a 
transmembrane domain, or a portion thereof, one or more hydrophilic amino acids,, 
preferably about one to ten histidines, can be added to the MHC molecule to increase 
solubility. 

The single chain MHC fusion complexes of the present invention and of said 
PCT Application, e.g., single chain MHC class II peptide fusion complexes, 
preferably also include a flexible linker sequence interposed between the MHC protein 
and the presenting peptide. The linker sequence should allow effective positioning of 
the presenting peptide with respect to the MHC molecule binding groove so that the 
presenting peptide can modulate the activity of a T cell receptor, either to induced- 
cell proliferation or to inhibit or inactivate T cell development as determined by the 
assays disclosed below, including the in vitro assays that includes sequential steps of 
culturing T cells to proliferate same, and contacting the T cells with a single chain 
MHC peptide fusion complex and then evaluating whether the MHC complex inhibits 
further development of the T cells. 

As further disclosed in said PCT Application with respect to MHC peptide 
fusion complexes, MHC complexes of the present invention can be single-chain fusion 
proteins, i.e. where the a and j8 chain subunits are linked as a single chain fusion 
protein and the presenting peptide is preferably linked to the jS chain of the fusion 



protein Such a linked single-chain complex can provide a number of advances. In 
particular, in reducing the complex » a single molecule, yields and srabiliry of me 
molecules may be enhanced. That can be especially important for soluble molecules 
which may not be produced efficiently in active form. The single chain MHC 
complexes of the invention, e.g., single chain MHC class II peptide fusion complexes, 
are useful for the methods disclosed herein, including in vitro identif.cat.on of 
peptides recognized by a T cell receptor, methods for suppressing an immune 
response (e.g. treatment of individuals with unmune disorders such as autotmmune 
disorders or allergies) and methods for inducing a desired immune response, e.g., 
where a mammal is or is likely to become immunocompromised, e.g., where the 
immune system is suppressed by vira, infection (e.g., as in AIDS) or chemotherapy 
(e g as in radiation therapy to Beat cancer), and diagnostic methods such as HLA 
tvpto. and in vivo diagnostic imaging. Direct administration of a DNA construct 
coding for a single-chain MHC class II peptide fusion complex is also preferred. 

The invention also includes methods for in vitro identification of peptides 
record by a T cell receptor, including peptides that can induce T cell development 
as wdl as peptides that can antagonize T cell receptors, i.e. T cell receptor (TcR) X 
antagonists or partial agonists. 

The present invention also provides further methods for suppressing an 
immune response in a mammal, particularly a human, that comprises administer,^ ,„ 
the mamma, an effective amount of a single chain MHC complex, preferably sutg.e 
chain MHC class U peptide fusion complexes or loaded single chain MHC class I 
complexes. The methods of the present invention include treatment of a mammal mat 
suffers from or is susceptible to an autoimmune disorder such as multiple sclerose 
insulin-dependent diabetes mellirus or rheumatoid arthritis or, alternatively, a mamma, 
who is susceptib.e to undesired immune response(s) such as a subject with chrome 
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allergies or a patient undergoing transplant surgery such as organ or skin transplant 
surgery. 

An immune response may be suppressed in accordance with the invention by 
5 one or a combination of alternative strategies. Thus, as disclosed in said PCT 
Application with respect to MHC peptide fusion complexes, the present invention 
provides treatment methods for suppression of an immune response by inducing 
anergy or apoptosis of T cells and provides for the administration of an effective 
amount of one or more MHC complexes of the invention, preferably single chain 

10 MHC class II peptide fusion complexes or loaded single chain MHC class II 
complexes, in the substantial absence of co-stimulatory signal(s). Typically a 
truncated MHC complex of the invention is employed, i.e. a soluble MHC complex 
that does not contain transmembrane and cytoplasmic domains of a full-length or 
intact MHC molecules, or portions thereof. Another method for suppression of an 

15 immune response provides for administration of an effective amount of one or more 
MHC fusion complexes or loaded MHC molcules that contain a presenting peptide 
that is a T cell antagonist or partial agonist. 

X 

As further disclosed in said PCT Application, with respect to MHC peptide 
20 fusion complexes containing a presenting peptide that is a T cell receptor antagonist or 
partial agonist, MHC molecules of the present invention comprising such presenting 
peptides can be administered as a soluble MHC fusion complex lacking co-stimulatory 
signals. Alternatively, administration can take the form of an effective amount of a 
DNA sequence comprising a vector coding for a "full-length" MHC fusion complex, 
25 i.e., a complex that contains full-length MHC proteins including the transmembrane 
portion and a presenting peptide with antagonist or partial agonist activity covalently 
linked to the MHC molecule. 
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The invention also provides methods for inducing an immune response in a 
mammal that in general comprise administrating an effective amount of a DNA 
sequence that comprises a vector coding for a "full-length'' MHC fusion complex, i.e. 
a complex that contains full-length MHC proteins including the transmembrane portion 
5 and a presenting peptide covalently linked to the MHC molecule. Alternatively, the 
vector can encode an empty single chain MHC complex where the expressed complex 
is contacted with a suitable presenting peptide under conditions which form the loaded 
molecule. Preferably, DNA that codes for a full length MHC fusion complex is 
administered to a mammal together with a DNA sequence coding for a T cell 

10 costimulatory factor such as a gene coding for B7 or B7-2. As used herein, the term 
"T cell co-stimulatory factor" refers to a peptide that is capable of providing a co- 
stimulatory signal to thereby activate T cell proliferation in the presence of one or 
more MHC fusion complexes. Such activation of T cell proliferation can be 
determined by the assays disclosed herein, including the assay as exemplified in 

15 Example 9 and discussed below. Further provided are diagnostic methods including 
HLA typing and in vivo diagnostic imaging using MHC fusion complexes or loaded 



MHC molecules, including MHC fusion complexes or loaded MHC molecules that 
5 contain a radioactive label (e.g. , l25 I, 32 P or "Tc) or other detectable tag. Other 



20 



25 



aspects of the invention are discussed infra. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1A and IB each depict a MHC fusion complex that includes a linker 
sequence. Figure 1C schematically shows a MHC fusion complex linked or fused to 
an immunoglobulin. 

Figure 2 shows the scheme for isolating the I-A d al-<*2 gene fragment and the 
cloning thereof. Figure 8 specifies the oligonucleotide primers used in the depicted 
procedure. 



Figure 3 shows the scheme for isolating the I-A d 01 -02 gene fragment, 
attaching the linker sequence and inserting the oligonucleotides encoding the antigenic 
peptides. Figure 8.specifies the oligonucleotide primers used in the depicted 
procedure. 

Figure 4 shows the cloning scheme for human HLA-DR1 cd-a2. Figure 8 
specifies the oligonucleotide primers used in the depicted procedure. 

Figure 5 shows the cloning scheme for human HLA-DR1 01-/32 chain. Figure 
8 specifies the oligonucleotide primers used in the depicted procedure. 

Figure 6 shows the scheme for isolating the I-A s al-a2 gene fragment and the 
cloning thereof. Figure 8 specifies the oligonucleotide primers used in the depicted 
procedure. 

Figure 7 shows the scheme for isolating the I-A s /31-jS2 gene fragment, 
attaching the linker sequence and inserting the oligonucleotides encoding the antigenic 
peptides. Figure 8 specifies the oligonucleotide primers used in the depicted ^ 
procedure. 

Figure 8 (SEQ ID NOS: 26-74) Shows the sequences of oligonucleotides used 
in constructing MHC fusion complexes. 

Figure 9 (which includes Figures 9A-9F) (SEQ ID NOS: 75-98) shows 
nucleotide and amino acid sequences of soluble MHC fusion complexes. 

Figures 10A and 10B show mammalian cell expression vectors used in the 
Example 2 which follows. 
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Figures 11A and 11B shows DNA constructs which are described in Example 
2 which follows, m Figures 11A and 11B (and Figures 15, 16A and 16B) the. 
reference »PE" designates promoter and enhancer, the reference "LS" designates 
leader sequence exon and the reference "HC" designates heavy chain. 

Figure 12 shows the scheme for introducing restriction sites into the kappa 
chain 2.7 kb insert via PCR site directed mutagenesis. 

Figure 13 shows the scheme for constructing a fusion gene encoding the MHC 
(class HaVkappa chain constant region in mammalian cell expression vector. 

Figure 14 (SEQ ID NOS: 99-102) shows primers used for sequencing mutated 
2.7 kb fragment. 

Figure 15 shows the scheme for M13 mutagenesis and cloning of the MHC II 
0 variable gene. 

Figures 16A and 16B show vectors for expression of MHC n/Ig chimeric X 

proteins. 

Figure 17 shows Are scheme for construction of a foil length MHC fusion 
complex expression vector. 

Figure 18A and 18B (SEQ ID NOS: 103-109) shows DNA and amino acid 
sequences of full length MHC fusion complexes. 
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Figure 19 (total of 7 sheets) shows the cloning scheme carried out in Example 
12 which follows. Figure 20 depicts oligonucleotide primers used in the depicted 
cloning scheme. 

Figure 20 (SEQ ID NOS: 110-112) depicts sequences of oligonucleotide 
primers used in constructing MHC fusion complexes. 

Figure 21 shows graphically the functional activity of the four clones of 
Example 13 which follows along with negative control (NSO) and positive control 
(A20), where the O.D. value of the first four dilutions of DO11.10 culture supernatant 
is displayed. 

Figure 22 shows graphically the results of the T cell proliferation assay of 
Example 15 which follows. 

Figure 23 shows graphically the results of the T cell proliferation assay of 
Example 16 which follows. 

Figure 24 depicts a single-chain MHC fusion complex. 

Figure 25 (total of 4 sheets) shows the cloning scheme carried out in Example 
17 which follows. 

Figure 26 (SEQ ID NOS: 113-120) depicts sequences of oligonucleotide 
primers used in constructing MHC fusion complexes. 

Figure 27 (SEQ ID NO: 121) shows the DNA and amino acid sequences of the 
SSC1 single-chain gene. 
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Figure 28 (SEQ ID NO: 122) shows the DNA and amino acid sequences of the 
SCT1 single-chain gene. 

Figure 29 (SEQ ID NO: 123) shows the DNA and amino acid sequences of the 

SCE1 single-chain gene. >i 

rut®' 1 ' 
JSC***" 

Figure 30Jis a schematic representation of the gene encoding the single chain 
IA d /OVA 323-229 MHC fusion molecule (i.e., sc-LA d /OVA). The Kozak consensus 
sequence is indicated. The arrow designates the signal peptidase cleavage site. "//" in 
the IA d £1-/32 and IA d « domains represents amino acid and nucleotide sequences in 
Figure 28 omitted for clarity. The OVA 323-339 peptide (dashed line) is absent in the 
sc-IA d /blank MHC molecule. 

Figures 31A and 3 IB are graphs illustrating the cell surface expression (Figure 
31 A) and T-cell inducing activity (Figure 3 IB) of the sc-IA d /OVA molecule. 

Figures 32 is a photograph of two gels showing the expression of the sc-IA d 
MHC molecule with covalently linked OVA peptide (sc-IA d /OVA) and without <5VA 
peptide (sc-IA d /blank) in insect cells. 

Figure 33 is a graph showing that the sc-IA d /OVA protein induces IL-2 
expression in T cells. 

Figures 34A, 34B and 34C are graphs illustrating that sc-IA d /OVA and sc- 
IA d /gD induce IL-2 expression in T cells. Figure 34C demonstrates that a loaded sc- 
IA d molecule (middle box) induces T cells to a greater extent than the corresponding 
sc- fusion complex (right box). 
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Figure 35 is a photograph of an ethidium bromide stained gel showing that 
anti-T cell receptor antibody (anti-TCR mAb) or sc-IA'/OVA can induce T cell 
apoptosis. The nucleosome ladder in lanes 3 and 4 is a hallmark of apoptosis. 

Figure 36A and 36B are graphs demonstrating that in vivo expression of sc- 
LVVOVA suppresses T cell clonal expansion. 

nFTATT FD DESr^TPTTON OF THF INVENTION 

As discussed above, and disclosed in said PCT Application No. 
PCT/US95/09816 (again the "PCT Application"), we have identified MHC class II 
peptide fusion complexes and expression vectors that encode such complexes and 
methods for use of such fusion complexes and expression vectors. 

In ceneral, preparation of MHC peptide fusion complexes can be accomplished 
by procedures disclosed herein and by recognized recombinant DNA techniques, e.g. 
preparation of plasmid DNA, cleavage of DNA with restriction enzymes, ligation of 
DNA transformation or transfection of a host, culturing of the host, and isolation and 
purification of the expressed fusion complex. Such procedures are generally know^h 
and disclosed e.g. in Sambrook et al., Molecular Clonin g (2d ed. 1989). As discussed 
more fully, infra, these methods are also suitable for the construction of empty and 
loaded MHC molecules of the invention. That is, to prepare empty and loaded MHC 
molecules of the present invention, the following procedures and examples for 
preparation of MHC fusion complexes can be employed except that the DNA sequence 
encoding the fused presenting peptide is not included in a gene construct coding for 
the empty/loaded molecule, or the formed fusion construct is treated by suitable 
recombinant techniques to remove the linked presenting peptide portion, as 
exemplified herein. Furthermore, the following discussions relating to the MHC 
fusion molecule, e.g. preferred present peptides, perferred linkers, molecule 
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m0 lecu.ar weights, etc., are equally app.icab.e ,o the empty and loaded MHC 
molecules of the present invention. 

More specifically, DNA coding for a desired MHC protein is obtained from a 
suitab.e cell line as disclosed for instance in Example 1 which follows. Other sources 
:OK A I* * MHC protein are Know, e., human l,mphob,as,oid cells. Once 
tL, the gene coding for - MHC mo,ecu,e can he amplified by ^ polymerase 
In reaction (PCR, or other mear, fcnown in the art. SuitaMe PCR pruners to 
amp.* the MHC peptide gene may add restriction sites to the PCR product. For 
elpt. for expression o, a truncated fttsion complex, specificai.y a soluble MHC 
fusion complex mat does not contain transmembrane or cytoplasmic port.ons and * 
L to an — globuUn such as .gC, the PCR product preferably mcludes IgG 
plice sites and leader sequences necessary for proper expression and secret, of the 
M^C— globulin fusion cotnp.ex. The PCR product also preferably tndu es 
«L» codin* for me .taker sequence, or a restriction enzyme s.te for Itgafon of 

ZTZz. — — pcR — and expression VKtor construc,,on 

techniques are e.g. disclosed in the examples which follow and the Drawmgs. 

■ TO e presenting peptide .inker sequence is preferably a nucleotide sequence mat 
codes for a peptide that can effectively position the presenting peptide in me hmdmg 
lie of the MHC molecu, A s used herein. 

effectively positioned in the binding groove of an MHC molecule or M 
Implex aU of modulating the activity of a T ceir , or other sim.lar phrase ,s 

^ c „ rector, either to induce T cel, proliferation or to inhibit or macvate T ce.l 
de ve,opment as determined by an assay disclosed below, inc.uding the assay that 
Ides sequential steps of culturmg T cells to proliferate same, and contactmg the T 
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cells with a MHC fusion complex of the invention and then evaluating whether the 
MHC fusion complex inhibits further development of the T cells. 

Preferably the presenting peptide linker sequence comprises from about 7 to 20 
5 amino acids, more preferably from about 8 to 16 amino acids, still more preferably 
from about 8 to 12 amino acids. The linker sequence is preferably flexible so as not 
hold the presenting peptide in a single undesired conformation. The linker preferably 
predominantly comprises amino acids with small side chains, such as glycine, alanine 
and serine, to provide for flexibility. Preferably about 80 or 90 percent or greater of 

10 the linker sequence comprises glycine, alanine or serine residues, particularly glycine 
and serine residues. Preferably the linker sequence does not contain any proline 
residues, which could inhibit flexibility. For a MHC fusion complex that contains a 
MHC class II molecule, the linker sequence is suitably linked to the fj chain of the 
MHC molecule, although the linker sequence also could be attached to the a chain of 

15 the MHC molecule. For covalently linking a presenting peptide to a MHC class II 0 
chain molecule, the amino sequence of the linker should be capable of spanning 
approximately 30 angstroms from the N-tenrdnal residue of the MHC class E ^ chain 
to the C-terminal residue of the presenting peptide. See for example Figures lA^knd 
IB of the Drawings. When such a 0+peptide chain is expressed along with the a 

20 chain, the linked presenting peptide should fold into the al and 01 binding groove 
resulting in a functional MHC molecule as generally depicted in Figure 1C. One 
suitable linker sequence is ASGGGGSGGG (SEQ ID NO: 1) (i.e., Ala Ser Gly Gly 
Gly Gly Ser Gly Gly Gly), preferably linked to the first amino acid of the 01 domain 
of the MHC class II protein. Different linker sequences could be used including any 

25 of a number of flexible linker designs that have been used successfully to join 

antibody variable regions together [see M. Whitlow et al., Methods: A Companion to 
Methods in Enzymology, 2:97-105 (1991)]. Suitable linker sequences can be readily 
identified empirically. For example, a DNA construct coding for a MHC fusion 
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complex that includes a linker sequence can be cloned and expressed, and the fusion 
complex tested to determine if the complex is capable of modulating the activity of a 
T cell receptor, either to induce T-cell proliferation or to inhibit or inactivate T cell 
development as determined by the assay disclosed below. Suitable size and sequences 
of linker sequences also can be determined by conventional computer modeling 
techniques based on the predicted size and shape of the MHC molecule. 

Preferably restriction sites are engineered in the DNA construct comprising the 
fused nucleotide sequences coding for the linker sequence and MHC protein so that 
essentially any nucleotide sequence coding for a presenting peptide of interest (e.g. 
either an antigenic or an antagonist presenting peptide) can be attached to the 
construct For example, in one preferred system exemplified in the examples which 
follow suitable restriction sites (e.g., Aflil and Mkel sites) are included between the 
end of the leader sequence and the beginning of the linker to facilitate insertion of a 
wide variety of presenting peptides to the fi chain gene of the MHC molecule. See, 
for example, Figure 3 of the Drawings. T*e nucleotide and amino acid sequences of 
specifically preferred leader sequences are depicted in Figures 18A and 18B of the 
Drawings. 

The presents peptide component of a MHC fusion complex should be capable 
of modulating the activity of a T cell as discussed above. For a MHC fusion complex 
that contains a class II MHC molecule, preferably the presenting peptide has from 
about 4 to 35 amino acids, more preferably about 6 to about 30 amino acids, still 
m ore preferably from about 8 to about 25 amino acids. For a MHC fusion complex 
that contains a class I MHC molecule, preferably the presenting peptide has from 
about 4 to 25 amino acids, more preferably about 6 to about 20 amino adds, still 
more preferably from about 6 to about 15 amino acids, even more preferably 8 to 
about 10 amino acids. Class I and class II MHC molecules show preferential binding 
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toward different peptide sequences. Recently, anchor residues defining MHC allele- 
specific peptide motifs have been identified in class II binding peptides [F. Sinigaglia 
et al., Curr. Opin in Immun., 6:52-56 (1994)]. For example, in human class II 
HLA-DR1 molecules, an aromatic amino acid (e.g., Tyr, Phe, or Trp) is usually 
found near the amino terminus of the peptide (position 1), a hydrophobic residue 
(e.g., Met or Leu) at position 4 and a small amino acid (e.g., Ala or Gly) at position 
6. Other MHC molecules have different motifs, e.g., for class II molecules, see 
Sinigaglia., supra; for class I molecules [see K. Parker et al., J. Immunol, 152:163- 
175 (1994)]. Preferred presenting peptides include the desired MHC binding motif in 
order to facilitate optimum MHC binding. Thus, for example, in human class II 
HLA-DR1 MHC molecules, an aromatic amino acid (e.g., Tyr, Phe, or Trp) is 
preferably located near the amino terminus of the presenting peptide (position 1), a 
hydrophobic residue (e.g., Met or Leu) is at position 4 of the presenting peptide, and 
a small amino acid (e.g., Ala or Gly) is at position 6 of the presenting peptide. For 
the immunosuppression methods of the invention (e.g., to treat autoimmune diseases 
or allergies, or otherwise suppress an unwanted T cell response), the presenting 
peptide preferably may be the same as or homologous to (e.g., at least greater than 
about 80 or 90 % shared sequence) a peptide known or suspected to be responsible for 
activating T cells in the targeted disorder. Thus, for example, the MPB peptide 80- 
105 is recognized by over 30% of MPB-specific T cells isolated from multiple 
sclerosis patients [see E. Meinl et al., J. Clin. Invest., 92:2633-2643 (1993)] and - 
should be a suitable as a presenting peptide in MHC fusion complexes used for 
immunosuppression applications as disclosed herein. Additionally, the activity of a 
particular presenting peptide, i.e. antigenic or antagonist or partial agonist, can be 
readily determined empirically by the methods disclosed herein, including the in vivo 
assays disclosed below. 
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To make the vector coding for a MHC fusion complex, the sequence coding 
for the MHC molecule is iinked to a sequence coding for the presenting peptide by 
use of suitable ligases. DNA coding for the presenting peptide can be obtained by 
isolating DNA from natural sources or by known synthetic methods, e.g. the 
phosphate triester method. See, e.g., Oligonucleotide Synthesis, IRL Press (M. Gait, 
ed., 1984). Synthetic oligonucleotides also may be prepared using commercially 
available automated oligonucleotide synthesizers. A nucleotide sequence coding for a 
MHC molecule may be directly joined to a DNA sequence coding for the presenting 
peptide or, more typically, a DNA sequence coding for the linker sequence as 
discussed above may be interposed between the sequence coding for the MHC 
molecule and the sequence coding for the presenting peptide and joined using suitable 
ligases. 

Other nucleotide sequences also can be included in the gene construct. For 
example, a promoter sequence, which controls expression of the sequence coding for 
the MHC peptide fused to the presenting peptide, or a leader sequence, which directs 
the MHC fusion complex to the cell surface or the culture medium, can be included in 
the construct or present in the expression vector into which the construct is inserted. 
An immunoglobulin or CMV promoter is particularly preferred. See the examples 
which follow. A strong translation initiation sequence also can be included in the 
construct to enhance efficiency of translational initiation. A preferred initiation 
sequence is the Kozak consensus sequence (CCACCATG) (SEQ ID NO: 2). See also 
Figures 18A and 18B of the Drawings, 

Preferably a leader sequence included in a DNA construct contains an 
effectively positioned restriction site so that an oligonucleotide encoding a presenting 
peptide of interest can be attached to the MHC molecule. Suitably the restriction site 
can be incorporated into the 3-end of the leader sequence, sometimes referred to 
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herein as a junction sequence, e.g . of about 2 to 10 codons in length, that is 
positioned before the coding region for the presenting peptide. A particularly 
preferred restriction site is the Afm site, although other cleavage sites also can be 
incorporated before the presenting peptide coding region. As discussed above, use of 
such a restriction site in combination with a second restriction site, typtcally 
positioned at the beginning of the sequence coding for the linker, enables tap.d and 
straightforward insertion of sequences coding for a wide variety of presenting pept,des 
into the DNA construct for the MHC fusion complex. Preferred leader sequences 
contain a strona transition initiation site and a cap site at the S'-end of their mRNA. 
Preferably a leader sequence is attached to the « domain of a Cass I MHC molecule, 
and preferably a leader sequence is attached to the 0 domain of a class II MHC 
molecule. Preferred leader sequences provides for secretory expression of the MHC 
fusion complex. 

As disclosed in said PCT Application, a number of strategies can be employed 
to express MHC fusion complexes of die invention. For example, the MHC gene 
fusion construe, described above can be incorporated into a suitable vector by known 
m eans such as by use of restriction enzymes to make cuts in the vector for insemoW 
the construct followed by ligation. Tne vector containing the gene construct ,s then 
introduced into a suitable host for expression of the MHC fusion peptide or complex. 
See generally. Sambrook e< al., a-pra. Selection of suitable vectors can be made 
empirically based on factors relating to the cloning protocol. For example, the vector 
should be compatible with, and have the proper replicon for the host mat is bemg 
employed. Further the vector must be able to accommodate the DNA sequence 
codin. for the MHC fusion complex that is to be expressed. Suitable host cells 
include eukaryotic and prokaryotic ceUs, preferably those cells that can be eas.ly 
.^formed and exhibit rapid grow* in culture medium. Specifically preferred hosts 
cells include prokaryotes such as £. coli. Bacillus Villus, etc. and eukaryotes such 
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„ animal cells and yeas, strains, e.g.. S. Mammalian celis are generally 

preferred, particularly ««. NSO. SP2-0 or CHO. Omer suitable hosts mc.ude 

insect cells such as Sf9. Conventional culturing conditions are employed. See 
Sambroolc, supra. Sable transformed or transfected cell lines can then be selected. 
Cells expressing a MHC fcsion complex can be determined by known 
For example, expression of a MHC fusion complex linked to an immunoglobultn 
be determined by an EUSA specific for the linked immunoglobulin and/or by 
immunoblotting. 

,n one preferred protocol for preparation of soluble MHC fusion complexes, 
DNA sequences encoding the presenting peptide and 01-02 domams of ±e MHC 
m0 ,ecule (class U) are arranged such tha, the C-termina. end of the presenttng peptide 
„ attached to an initial amino acid of the 0, domain, preferab.y the f,rs, ammo acd 
of me 01 domain by a flexible linker sequence. Such a const™, is deleted m 
Figures 1A and IB of the Drawings. For a class I MHC molecule, preferably Ore 
DNA sequence encoding the presenting peptide is attached to the c< domam 
MHC molecule, preferably such tha, the presenting peptide will be hnked to the N- 
terminus end o, that . chain. As discussed above, preferably restriction s*=sare X 
engineered between the end of the leader sequence and the begtnnmg of the Imker 
that essentially any oUgonuc.eo.ide encoding a presenting pepttfe of intere* - 
an.ige.uc or antagonist, can be atached to-the „ chain gene. For soluble exp«ss o. 
the and peptide-Unked f l* domains are suitably toed to an .mmunoglobulm, 
preferably to the consun. domains of tie immunoglobulin kappa and heavy chams, 
Ilv ly as depicted in Figure 1C. Preferred immunoglobulins for such fcst n .o 
rr^or'soJ expression urdude, e.g., the light chain — domains and 
CH2-CH3 domains of IgG2b. 
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An expressed MHC fusion complex can be isolated and purified by known 
methods. Typically the culture medium is centrifuged and then the supernatant is 
purified by affinity or immunoaffinity chromatography, e.g. Protein-A or Protein-G 
affinity chromatography or an immunoaffinity protocol comprising use of monoclonal 
antibodies that bind the expressed fusion complex such as a linked MHC or 
immunoglobulin region thereof. For example, MHC fusion complexes containing 
human HLA-DR1 sequences can be purified by affinity chromatography on a 
monoclonal antibody L243-Sepharose column by procedures that are generally known 
and disclosed, e.g., see Harlow, E. et al., Antibodies, A Laboratory Manual (1988). 
The L243 monoclonal antibody is specific to a conformational epitope of the properly 
folded HLA-DR1 molecule [J. Gorga et al., /. Biol. Chem., 262:16087-16094], and 
therefore would be preferred for purifying the biologically active MHC fusion 
complex. The MHC fusion complex also may contain a sequence to aid in 
purification; see, e.g., Example 17 which follows which discloses use of a 6xHis tag. 

Truncated MHC fusion complexes contain a MHC molecule that is sufficiently 
truncated so the MHC fusion complex can be secreted into culture medium (e.g. 
physiological conditions; in the substantial or complete absence of detergent or tfik 
like) after expression. Thus, a truncated MHC fusion complex will not include 
regions rich in hydrophobic residues, typically the transmembrane and cytoplasmic 
domains of the MHC molecule, although at least portions of those domains may be 
suitably present provided the MHC molecule can be secreted as discussed. Thus, for 
example, for a preferred truncated DR1 MHC molecule, preferably from about 
residues 199 to 237 of the j8 chain and from about residues 193 to 230 of the a chain 
of the MHC molecule are not included in the truncated MHC fusion complex. See the 
examples which follow. In addition to the sequences disclosed herein, sequences of 
domains of MHC class I and II molecules have been disclosed previously (see, e.g., 
the above mentioned publications). Truncated MHC fusion complexes of course also 
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can be readily identified empirically, i.e. by examining if the MHC complex is 
secreted into culture medium after expression as discussed. Truncated MHC fusion 
complexes can be prepared be several means, e.g. expression of a soluble MHC 
molecule or enzymatic (e.g. papain) cleavage of at least portions of transmembrane 
and/or'cytoplasmic domains of a full length MHC fusion complex. 

Full length MHC molecules include a transmembrane portion and/or 
cytoplasmic domain and/or other cellular membranes or substantial portions thereof 
(e g. greater than about 80 or 90 percent of such sequences). For a full length MHC 
clals H molecule, generally both the a^and 0 chains are linked to transmembrane and 
cytoplasmic domains, although only one of the a and 0 chains may be linked to 
transmembrane and cytoplasmic domains, particularly in the case of single chain MHC 
molecules. As discussed below, full length MHC molecules can be anchored to cell 
membranes through hydrophobic membrane spanning domains or alternatively through 
post-translational attachment of other anchor domains such as covalently linked 
glycosylated form of phosphatidylinositol. 

As discussed above and in said PCT Application, single chain MHC fusior^ 
complexes are desirable, i.e. a fusion complex that consists of a single polypeptide 
rather than a multiple chain aggregate such the native heterotrimeric class H/peptide 
complex where a and ft chains and a peptide are associated through non-covalent 
interactions. In the case of a single chain MHC class II complex, the a and 0 chain 
subunits are linked as a single chain fusion protein with the presenting peptide 
preferably linked to the 0 chain of the chain fusion protein. Such a preferred single 
chain MHC molecule is depicted in Figure 24 and Figure 30. Preferably a linker 
sequence is used to link the a and & chains. Such a linker sequence used to link 
domains of an MHC molecule is sometimes referred to herein as a "single cham linker 
sequence" and is thereby distinguished from the linker sequence discussed above that 
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is interposed between and covalently links a presenting peptide and an MHC 
molecule. 

Preferably a single chain MHC class II complex is linked between the carboxyl 
5 terminus of the j32 domain and the amino terminus of the al domain, although 
multiple domains of a MHC complex may be linked through other positions. 

The single chain linker sequence should enable the linked MHC molecule to 
fold to an active form, i.e. a form where the MHC molecule can modulate the activity 

10 of a T cell. Such effective single chain linker sequences can be readily determined 
empirically. Thus, e.g., a DNA construct coding for a single chain MHC molecule 
where the a and 0 chains are linked by a linker sequence can be cloned and 
expressed, and the single chain MHC molecule tested to determine if the complex is 
capable of modulating the activity of a T cell receptor, either .to induce T-cell 

15 proliferation or to inhibit T cell development as determined by the assays disclosed 
below. „, r . 

Both length and composition of the single chain linker sequence can in general 
vary. For example, the length of a suitable single chain linker sequence may vary 
20 with the positions at which the linker sequence is linked to polypeptide chains of the 
MHC complex; in other words the length of the linker sequence may vary with the 
geometry of the "gap" between polypeptides which the linker sequence bridges. 

The single chain linker sequence preferably also should be flexible to permit 
25 folding of the single chain molecule to an. active form. The linker sequence thus 
preferably predominantly comprises amino acids with small side chains, such as 
glycine, alanine and serine, to provide for flexibility. Preferably about 80 or 90 
percent or greater of the linker sequence comprises glycine, alanine or serine residues, 
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particularly glycine and serine residues. Preferably this linker sequence between the a 
and 0 chains does not contain any proline residues, which could inhibit flexibility. 
Preferably a linker sequence positioned between the carboxyl terminus of a 02 domain 
and the amino terminus of the al domain will comprise about 15 to 40 amino acids, 
5 more preferably about 15 to 30 amino acids. A particularly preferred linker sequence 
is disclosed in Example 17 which follows. Suitable size and sequence of single chain 
linker sequences also can be determined by conventional computer techniques; see 
Example 17 which follows. 

10 Single chain MHC complexes can be prepared as discussed above and in said 

2 PCT Application, as well as the examples which follow, including Examples 17-19 

? and 25. For example, DNA coding for a desired MHC protein can be obtained from 

h a suitable cell line, and the isolated gene can be amplified by PCR or other means. In 

s - 

the case of a MHC class II molecule, an aX-al gene fragment can be cloned into a 
15 vector, followed by cloning of a gene fragment cloning for the 0 1-/32 domains with an 
interposed single chain linker sequence. The single vector is then expressed in a 
suitable host and the single chain molecule harvested and purified if desired. See the 
examples which follow, including Examples 17-19. See also U.S. Patent 5,260,2^3 to 
Ladner et al., which discusses preparation of single chain antibodies, which methods 
20 can be generally employed to the single chain MHC fusion complexes of this 
invention. 

In a preferred preparation method, coding regions of the a and 0 chains of the 
MHC class II molecules are obtained, particularly by isolating the coding regions by 
25 PCR from a B cell line or other MHC molecule source. A sequence encoding a 
single-chain 0-a fusion MHC fusion molecule can be constructed by replacing 
sequences encoding the transmembrane spanning domain of the 0 chain gene with a 
single chain linker sequence as discussed above which joins the 0 chain gene to the 
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mature a chain (particularly at the first codon of the a chain gene). The a chain gene 
may suitably contain its transmembrane region for membrane bound expression of the 
single chain fusion complex, or the a chain gene may be truncated at the end of the 
extracellular region for soluble expression of the single chain MHC fusion complex. 
A suitable restriction site and linker for the presenting peptide is preferably included 
between the /3 chain leader and the first codon of the jS chain. The coding region of 
essentially any presenting peptide can then be introduced as an oligonucleotide into the 
created restriction site. The resulting construct is then suitably placed under the 
control of mammalian or bacterial promoters, including those specific promoters 
disclosed herein. One such preferred MHC class II single-chain construct contains 
linked nucleotide sequences encoding in sequence: £ chain leader/presenting 
peptide/linker sequence//? 1-/32 extracellular region/single chain linker sequence/a l-a2 
extracellular region. The MHC single-chain DNA constructs are suitably introduced 
into bacterial, baculoviral-insect cell and mammalian expression systems, including 
those specific expression systems disclosed herein, then expressed and purified if 
desired. 

The single chain MHC molecule may be either full length, i.e. the MHC%^ 
molecule is associated with cellular domains and contains e.g. complete or substantial 
amounts (e.g. greater than 80% of the sequences) of transmembrane and/or 
cytoplasmic portions of an a or jS chain, or be truncated as discussed above for 
soluble expression. Such truncated and full length single chain MHC molecules may 
be produced as described above and in the examples for multiple polypeptide MHC 
complexes. For an MHC class II molecule, a full length molecule may have only one 
of the a and jS chains linked to transmembrane and cytoplasmic domains, preferably 
the a chain. A preferred full-length single chain fusion MHC class II complex 
comprises covalently linked in sequence: 1) the presenting peptide, 2) the class II /? 
chain lacking transmembrane and cytoplasmic domains, 3) a single chain linker 
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sequence, and 4) the class II a chain containing transmembrane and cytoplasmic 
domains or a membrane anchor domain. A preferred soluble single chain fusion 
MHC class II complex comprises' covalently linked in sequence: 1) the presenting 
peptide, 2) the class H |8 chain lacking transmembrane and cytoplasmic domains, 3) a 
single chain linker sequence, and 4) the class n a chain lacking transmembrane and 
cytoplasmic domains. 

With respect to the full length MHC complexes (both single chain and non- 
single chain molecules) the MHC proteins can be anchored to cell membranes through 
hydrophobic membrane spanning domains (transmembrane domains) as well as 
through post-translational attachment of the covalently linked glycosylated form of 
phosphatidylinositol (GPI membrane anchor). Typically for the cc and 0 chains of the 
MHC class H molecule, the transmembrane domain consists of approximately 25 
hydrophobic amino acids connected to the carboxyl terminal side of the a2 and 02 
domains. These residues allow the protein to span the membrane. The 
transmembrane region ends with about 10-15 residues comprising the cytoplasmic tail 
at the carboxyl terminal end of each of these chains. It has been demonstrated that 
these transmembrane and cytoplasmic regions can be replaced with sequences X 
signaling GPI linkage and that the chimeric GPI-anchored class II molecules are 
membrane bound [D. Wettstein et al., /. Exp. Med., 174:219-228 (1991)]. GPI- 
linked membrane anchor domains have been defined in a number of proteins including 
decay accelerating factor (DAF), CD59 and humans placental alkaline phosphatase 
(HPAP) [D. Wettstein et al., J. Exp. Med., 174:219-228 (1991); D. Kooyman et al.]. 
For example, the 38 carboxyl terminal amino acids of HPAP are sufficient to act as a 
signal sequence for GPI linkage. If the DNA sequence encoding this domain is linked 
to'a secreted molecule such as the soluble portion of the MHC class II a or 0 chain, a 
membrane bound chimeric molecule is formed [D. Wettstein et al., J. Exp. Med., 
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174:219-228 (1991)], and such an approach can be employed to anchor peptide-linked 
single chain class II MHC molecules to a cell membrane. 

Molecular weights of MHC fusion molecules as well as the empty and loaded 
MHC molecules of the present invention will vary, particularly depending on whether 
the molecule is soluble or full length (membrane bound). A soluble MHC class II 
fusion complex generally will have a molecular weight of greater than about 45 kDa, 
and mature a and j3 chains without trans-membrane and cytoplasmic domains each 
will have a molecular weight of greater than about 20 kDa, more typically between 
about 21 to about 26 kDa. Typically, mature single-chain MHC class II molecules 
without trans-membrane and cytoplasmic domains will have a molecular weight of 
about 48 to about 50 kDa. For full length (membrane bound) molecules, mature a 
and j8 chains generally will have a molecular weight of greater than about 25 kDa, 
preferably between about 26 and about 30 kDa. Typically, mature single-chain MHC 
class II fusion molecules with a single (linked to a or j8 chain) transmembrane or 
membrane anchor domain will have a molecular weight of greater than about 49 kDa, 
preferably between about 50 and 52 kDa. All of the above mentioned moleculai^ 
weights are by a SDS-PAGE determination. 

Multivalent MHC fusion complexes or empty or loaded MHC molecules are 
desirable for a number of applications. The valence of a MHC-antigenic peptide 
complex influences the effect of the complex on T cell receptor(s). For example, 
activation of the 3DT52.5 T cell hybridomas requires a MHC-antigenic molecule that 
has been made multivalent. Monovalent, soluble MHC complexes are incapable of 
stimulating this T cell [J. McCluskey et al., /. Immunology, 141:1451-1455 (1988)]. 
Desired multivalent MHC fusion complexes include those linked to an 
immunoglobulin, e.g., IgG, IgM or Fab' 2 . Chemically cross-linked MHC complexes 
(for example cross-linked to dendrimers) are also suitable multivalent species. For 
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„ the MHC complex can be genetically modified by including sequences 
IlTg 1"! resLes with chemiCy reactive side **» suchas C ys or H, 
rio acids with chemicaHy reactive side cbains may be ^ ^ 

. •• rtf a MHC complex, preferably distal to the presenting peptide and 
of positions of a MHC comp ^P ^ ^ ^ fl ^ rf 

ZTof ST — ~ of - surface px — 
26 91 101 (1993)]. Exemplary dendrimers for use in accordance with the present 
STia. M- B9 starburs. po.yamine dendrimer and B9 combburs, po.yamine 
dendrimer. which can link cysteine residues. 

It may be desirable to construct a single expression vector that expresses both 
„ • TJhC fusion complex of the invention or an empty or loaded molecule of 
°r iTe s^uences L code for both the a and * chains of an MHC f^ion 
«rT- — to a single expression vector, even if no. a singie Cam 
slh an expression vector may provide better results than where separate 
«i for each chain of a MHC fusion complex, particularly where 
VK,OBare :mc^rcim.owmch te vec,orhasbeenintroduced. ItaUomay 

^ion complex as we,, as other agents, panicky a = — 
u « R7 or B7-2 i.e. sequences that code for both chains 01 * 

sing e expression vector, to enab,e a single transformation procedure. A am, th 
abroach would avoid potentially difficult selection for cel,s that have been 
transformed or transfected two or more tunes. 



-31- 



The MHC molecules of the fusion complexes and die empty and loaded 
secies of the presen. inven,iou suitably correspond in amino acid sequence .o 
mt urally occurring MHC molecules, e.g. MHC molecules of a human (c ss I or s 
* mole or omer rodent, or other mammal. Preferably at leas, about 70 percent of 
to amino acid sequence of a MHC molecule of the fusion complex will be the same 
„ me ammo acid sequence of a namrally occurring MHC mo.ecuie such as .hose 
m en„oned above, more preferabiy a. leas, abou, 90 percen. amino ac,d sequence of a 
MHC molecule of me fusion complex wU, be me same as me amino acrf sequence of 
. ra tural,y occurring MHC molecule, and even more preferably abou, 8 percen to 
a,, o, me amino acid sequence of a MHC moiecule of me fusion complex wu> be me 
m as me amino acid sequence of a narurally occurring MHC moiecule. 

An empry MHC molecule of me mven,ion, particularly an empry single chain 
MHC Cass H mo.eoue. can be made accordmg to any suitab.e method described 
L, except ma. ft. present pe P .ide is no. covalently linked .o me molecule. For 
example in Example IB, steps which join an oligonucleodde encodmg the OVA 
preset peptide (OPRUO and OPRU1, ,o d* lu.er-,1^ gene fragment^ be 
omitted in another example, a presentmg peptide can be excluded from an MHC x 
m o,ecu,e of fte invention which already has a cova.en.ly lirfted presenting pept.de by 
X Lard re— 0 N A mampula.ion, For example, DHA encodmg *e sc- 
.A.OVA presenring pep.ide can be removed rth a suable resmcuon enzyme (e... 
I, and L I). As an i,.us.ra.ive example, me cons.ruc.ion of a so.ubie em* 
single chain IA' MHC mo,ecu,e (i.e. sc-IA'/blank) is discussed in Examples .5,-7. 

As disclosed in said PCI Application, MHC fcsion comp.exes can be used in 
*. detection and characterization of recombinant peptides. For example, me 
ir.ven.ion indudes a method that can be used .0 map an uncharac.er.ed ep.tope £ 
cel ,s as foUows: sequences encoding either a hbrary of random pepudes or se.ected 



peptides can be cloned into the presenting peptide position of an expression vector 
system of the invention such as those identified above that contains a DNA sequence 
encoding a MHC molecule and, optionally, a DNA sequence coding for a linker 
sequence. Suitably restriction fragments of an appropriate cDNA or genomic DNA 
library (see Sambrook, et al., supra) are used as the source of the sequences inserted 
into the expression vector or, alternatively, selected oligonucleotides such as synthetic 
oligonucleotides of known sequence are used as the inserted sequences. Suitable 
hosts, such mammalian cells and others identified above, are transformed or 
transfected with the vector containing the gene fusion, i.e. the sequence coding for the 
MHC molecule linked to sequence coding for the additional peptide. Transformants 
are cultured under suitable conditions and the cells screened for expression of fusion 
complex of interest that reacts with T cell clones as determined by assays disclosed 
below. Reactive colonies can then be picked and the vectors isolated. Sequence 
analysis of the DNA insert would reveal which of the cloned peptide sequences 
corresponded to the epitope(s) recognized by the T cell clone. Empty MHC 
molecules of the invention can be used in the same way except that the peptides are 
loaded onto the empty molecule rather than ingesting the peptide via recumbent 
methods. ^ 

The ability of a MHC fusion complex or loaded MHC molecules of the present 
invention to modulate the activity of a-T cell receptor (including inactivation of the T 
cell responses) can be readily determined by an in vitro assay. Typically T cells for 
the assays will be provided by transformed T cell lines such as T cell hybridomas or 
T cells which are isolated from a mammal, e.g., from a human or from a rodent such 
as a mouse. Other suitable T cells include: 1) T cell hybridomas which are publicly 
available or can be prepared by known methods, 2) T helper cells, and 3) T cytotoxic 
cells, preferably cytotoxic CD4 + cells. T cells can be isolated 
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ftom a mamma, by known Mho*. See. for example. R. Shimonkevitz e. al„ J. ■ 
Exp. Med., 158:303 (1983) and Examples 4 and 5 which follow. 

A suitable assay to determine if a MHC fusion complex or a loaded MHC 
molecule of fine present invention is capable of modulating the activity of T cells is 
conducted as follows, by the sequential steps .-4 be.ow. T cells suitably express a 
.naxker that can be assayed and mat indicates T cell activation, or modulation of T ceU 
activity after activation. Thus, e.g., as disclosed in Example 4 be!ow. the munne T 
cel. hybridoma DO 11.10 that express interleukine-2 (IL-2) upon activation can be 
employed IL-2 concentrations can be measured to determine if a pamcular 
presenting peptide is capable of modulating activity of this T cel. hybridoma. Such a 
suitable assay is conducted by the following sequential steps: 

1 T cells carrying the T cell receptor specific to the pept.de/MHC 
complex are obtained such as from a T cell hybridoma of interest or by isolating from 
a mammal. 

2 The T cells are cultured under conditions that allow proliferation. 
3. The proliferating T cells are contacted with a selected MHC fusion 

complex (or loaded molecule). ^ 

' 4 The T cell are contacted with the antigen presenting cells to prov.de 
si.ua! necessary for activation and assayed for a marker, e.g. IL-2 production is 
oLured. A decrease in IL-2 production, e.g., a 40 percent or greater decrease in 
IL . 2 production after a period of 24 hrs., more typically a 50 percent or greater 
decrease in IL-2 production after a period of 24 hrs., indicates die MHC fus.on 
comptex (or .oaded molecule) modulates fine activity of the T cells and can suppress 
an immune response. Example 4 which follows exemplifies such an assay. The assay 
is suitably employed for analysis of activity of soluble -truncated" MHC complexes 
mat do not contain a transmembrane portion. In addition, fine assay is suitably 
employed for identification of MHC fusion complexes that contain a cova.en.ly linked 
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presentins peptide (or loaded molecule) mat functions as a T ce.1 receptor antagonist 
or partial agonist. The assay is also conveniently adapted for use with loaded MHC 
complexes of the invention as mentioned above. 

The T cells employed in the assays are incubated under conditions suitable for 
proliferation. For example, a DO11.10 T cell hybridoma is suitably incubated at 
about 37-C and 5% CO, in complete culture medium (RPMI 1640 supplemented w«h 
10% FBS penicillin/streptomycin. L-glu,amine and 5x10" M 2-mercaptoethanol). 
Serial dilutions of MHC fusion comp.ex can be added to the T cell culture med.um. 
Suitable concentrations of the MHC fusion complex added to the T celts typically w,U 
be in the range of from 10« to 10* M. T cell activation signals are provided by 
anti.en presenting cells that have been loaded with the appropriate antigenic pepude. 
I, is'believed that use of antigen dose and APC numbers giving slightly submaxunal T 
cell activation is preferred to detect inhibition of T ceil responses with MHC fus.on 
complexes. A decrease in production of IL-2 following contact with the MHC fus.on 
complex indicates the fusion complex modulates activity of the T cells and can 
suppress immune response. 

Alternatively, rather than measurement of an expressed protein such as IL-2, 
modulation of T cell activation can be suitably determined by changes in antigen- 
dependent T cell proliferation as measured by radiolabelling techniques as are 
recognized in the art. For example, a labeled (e.g., tritiated) nucleotide may be 
teJduced to an assay cutare medium, .ncorporation of such a tagged nuc.eot.de tnto 
DNA serves as a measure of T cell proliferation. See Example 5 which fo.lows, 
where such a procedure is specifically described. This assay is not suitable for T cells 
that do not require antigen presentation for growth, e.g., T cel. hybridomas. It , 
suitable for measurement of modulation by the MHC fusion complexes (or loaded 
MHC molecules) of T cell activation for ^transformed T cells isolated from 
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mammals. A decrease in the level of T cell proliferation following contact with the 
MHC fusion complex, (or loaded MHC molecules) indicates the complex modulates 
activity of the T cells and can suppress immune response, e.g., see Example 5 which 
follows. The in vitro T cell proliferation assay is preferred for measuring the effects 
of MHC fusion complexes (or loaded MHC molecules) on antigen-specific changes in 
T cell clonal expansion in vivo. Such an assay is specifically described in Example 7 
which follows. 

These in vitro assays can be employed to select and identify peptide(s), coded 
by DNA from a random library or other oligonucleotides, that are capable of 
modulating the activity of T cell receptor (including activation or inhibition of T cell 
development). Specifically, DNA sequences encoding either a library of random 
peptides or selected peptides can be cloned into the presenting peptide position of an 
expression vector system such as those identified above that contains a DNA sequence 
encoding a MHC molecule and, optionally, a DNA sequence coding for a linker 
sequence. Suitably, restriction fragments of an appropriate cDNA of genomic DNA 
library (see Sambrook, et al., supra) are used as a source of the sequences inserted 
into the expression vector or, alternatively, selected oligonucleotides such as synthetic 
oligonucleotides of known sequence are used as the inserted sequence. Suitable hosts, 
such as a mammalian cells and others identified above, are transformed with the 
vector containing the gene fusion, e.g., the sequence coding for the MHC molecule 
linked to sequence coding for the presenting peptide. Transformants are cultured 
under suitable conditions and the cells are screened for expression of the MHC fusion 
complex (or loaded MHC molecules) of interest by contacting same with selected T 
cells. Assays described above, e.g., measurement of IL-2 production or T cell 
proliferation, are employed to determine if contact with the MHC fusion complex (or 
loaded MHC molecules) modulated T cell activation. For example, a decrease in IL-2 
production of APC-stimulated T cells identifies those MHC fusion complexes that 
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modulate activity of the T cells and suppress the immune responses. Alternatively, 
the in vitro assays can be employed to identify multivalent MHC fusion complexes (or 
loaded MHC molecules) described above, that contained presenting peptides that 
increase T cell responses. 

In vivo assays also may be suitably employed to determine the ability of a 
MHC fusion complex (or loaded MHC molecules) to modulate the activity of T cells, 
including the ability to inhibit or inactivate T cell development. For example, an 
MHC fusion complex (or loaded MHC molecules) can be assayed for its ability to 
inhibit immunoglobulin class switching (i.e. IgM to IgG) [see, e.g., P. Linsley et al., 
Science, 257:792-795 (1992)]. Such an assay is specifically described in Example 6 
which follows. 

Diagnostic methods using MHC fusion molecules are also provided including 
in vivo diagnostic imaging and HLA typing [see, e.g., A.K. Abbas, Cellular and 
Molecular Immunology, page 328 (W.B. Saunders Co. 1991)]. For in vivo imaging 
applications, a MHC fusion molecule or loaded molecule that has a radioactive label 
(e ° , l2S I, 32 P, *Tc) or other detectable tag can be administered to a mammal anckdie 
subject scanned by known procedures for binding of the MHC molecule or loaded 
molecule. Such an analysis of the mammal could aid in the diagnosis and treatment of 
a number of disorders including e.g. undesired immune responses as disclosed herein. 

An empty MHC molecule of the invention, particularly an empty single chain 
MHC class n molecule, can be used to screen for presenting peptides which non- 
covalently bind the peptide binding groove or cleft of the MHC molecule. Such 
screens are useful for identifying those presenting peptides which can bind particular 
MHC molecules e.g., MHC class II molecules such as IA d , DR1, IE, DP, and DQ. 
As an illustrative example, the sc-IA</blank molecule can be modified with a 
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de.ec.able tag (e.g.. P». Hodn « ««*« protein rag disclosed herein) and then used 
to screen a random peptide library. Procedures for tagging proteins and screenmg 
libraries are well known [see. e.g., Sambrook et al., supra, and Ausubel et al., 
Current Protocols in Molecular Biology. John Wiley & Sons, New York, 1989; herem 
incorporated by reference]. Any one of several random peptide libraries can be 
suitably employed [see, e.g.. J. Scon et al.. Science. 249:386 (1990); J. Devlin et a... 
Science 249:404 (1990); S. Cwirla e. al., HUS (USA). 87:6378 (1990); J. Hammer 
e. al J Exp. Med.. 176:1007 (1992); D. O'Sullivan e. al.. J. Immunol.. 147:2663 
(1991)1 Peptides which bind the sc-IA«/blank molecule can be used to make the 
corresponding loaded molecule. The loaded molecule could men be tested tn any T 
cel. assay described herein to see if the identified peptide is capable of modulatmg T 
cell activity. 

Assays also may be employed to evaluate the potential use of an MHC 
complex for treatment of an immune disorder. For example, experimental allergtc 
encephalomyelitis (EAE) is an autoimmune disease in mice and a recognized model 
for multiple sclerosis. A suitable mouse strain can be treated to develop EAE and 
men a MHC fusion complex or loaded molecule administered and the aromal N 
evaluated to determine if EAE development is inhibited or prevented after 
adrninis.ra.ion of me MHC fusion complex or loaded molecule. Such an assay rs 
specifically described in Examples 8 and 1 1 which follow. 

The ability of a MHC fusion complex to induce an immune response, including 
vaccination against a targe.ed disorder, may be readily de.ermined by an in vivo 
assay For example, a MHC fusion complex of the invention, or DNA codmg for a 
MHC fusion complex, can be administered to a mammal such as a mouse, blood 
samples obtained from the mammal a. the rime of initial adminis.ra.ion and several 
times periodically thereafter (e.g. at 2, 5 and 8 weeks after administration of the 
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fusion complex or DNA). Serum is collected from the blood samples and assayed for 
the presence of antibodies raised by the immunization. Antibody concentrations may 
be determined. Example 9 which follows specifically describes such an assay. 

As discussed in said PCT Application, direct administration of a DNA 
construct coding for an MHC fusion complex can be suitably accomplished for 
expression of the fusion complex within cells of the subject. Preferably. DNA 
carrying the coding regions of the MHC-presenting peptide fusion, suitably under the 
control of an appropriate promoter such as the CMV promoter, is injected directly to 
skeletal muscle of the subject. To ensure the display of the MHC fusion molecules 
will induce an immune response in the subject, DNA vectors that code for a co- 
stimulatory factor is preferably co-administered to the subject with the DNA coding 
for the MHC-presenting peptide fusion. Preferred co-administered DNA vectors 
include e.g. those that comprise either the coding region of B7-1 or B7-2 under the 
control of the CMV promoter. The expressed B7-1 and B7-2 protein can provide the 
co-stimulatory signal to assist the initiation of the immune response. 

Such an approach for induction of an immune response in a subject such as^ 
mammal offers significant advantages over prior approaches. The initial step in the 
presentation of a foreign protein antigen is the binding of the native antigen to an 
antigen presenting cell (APC). After binding to APCs, antigens enter the cells, either 
by phagocytosis, receptor-mediated endocytosis or pinocytosis. Such internalized 
antigens become localized in intracellular membrane-bound vesicles called endosomes. 
After endosome-lysosome fusion, the antigens are processed into small peptides by 
cellular proteases located in lysosomes. The peptides become associated with the a 
and 0 chains of MHC class II molecules within these lysosomes. These MHC class II 
molecules, previously synthesized in the rough endoplasmic reticulum, are sequentially 
transported to the Golgi complexes and then to the lysosomal compartment. The 
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peptide-MHC complex is presented on the surface of APCs for T and B cell 
activation. Therefore, the accessibility of proteolytic processing sites within the 
antigen, the stability of the resultant peptides in the lysosome and the affinities of the 
peptides for MHC molecules are determining factors for the immunogenicity of a 
particular epitope. These factors can not be changed by administration of adjuvants. 
Direct expression of the MHC fusion complexes (i.e. MHC directly covalently linked 
to the presenting peptide), however, should bypass such complications and induce 
immune response against the epitope carried on the MHC fusion molecules. 

Also, as disclosed in said PCT Application, rather than directly administering 
DNA coding for an MHC fusion complex to a subject, host compatible antigen 
presenting cells into which such DNA has been introduced may be administered to the 
subject. That is, DNA coding for one or more MHC fusion complexes may be 
introduced into host compatible antigen presenting cells and such transformed or 
transfected antigen presenting cells can be administered to the targeted host, and with 
the site targeted where the most efficient interaction with the appropriate T cell would 
take place. See, for instance, the Examples 13 and 14 which follow. Upon 
administration to a subject, such engineered cells can then express in vivo on the ^11 
surface the MHC fusion complex coded for by the DNA. Such engineered cells can 
be administered to a subject to induce an immune response or alternatively to suppress 
an immune response, as disclosed herein, depending on the expression of other co- 
stimulatory signals of the cells. That is, if upon administration the cells can provide 
an MHC fusion complex in the absence of an effective amount of co-stimulatory 
signal(s), or provide a MHC fusion complex that contains a presenting peptide with 
antagonist or partial agonist activity, the cells can be administered to a host to 
suppress an immune response. Alternatively, if the cells can provide a MHC fusion 
complex in the presence of an effective amount of co-stimulatory signal(s), e.g. if a T 
cell co-stimulatory factor such as B7 or B7-2 is expressed on the surface of the cells, 
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the cells can be administered to a mammal host to induce an immune response in the 
mammal, as disclosed herein. It may be preferred to construct a single expression 
that codes for both chains of a MHC fusion complex as well as for a f -cell 
costimulatory factor 'if employed, as discussed above, and introduce that vector into a 
host compatible APC to prepare the cells for administration. As will be recognized 
by those in the art, the term "host compatible" antigen presenting cells means antigen 
presenting cells mat are of the same haplotype as that of the subject or "4iost" to 
which the cells are administered. Preferably the transformed host compatible antigen 
presenting cells are those that can migrate to lymph nodes of the subject to which the 
cells have been administered and, at that site, express the MHC fusion complex. 

As discussed above and in said PCT Application, MHC fusion complexes and 
DNA constructs that encode such fusion complexes have a number of therapeutic 
applications; loaded MHC molecules may also be used for such applications as 
discussed herein. For example, MHC fusion complexes or loaded complexes that 
do not contain a transmembrane portion (see, e.g., the soluble complex of Example 2 
which follows) can be administered to suppress an immune response of a mammal, 
e.g., to treat a mammal including a human that suffers from or is susceptible to an 
autoimmune disorder such as e.g. multiple sclerosis, insulin-dependent diabetes 
mellitus, rheumatoid arthritis and the like. Also suitable for treatment are those 
subjects suffering or likely to suffer from an undesired immune response e.g. patients 
undergoing some type of transplant surgery such as transplant of heart, kidney, skin 
or other organs. In such situations, a treatment protocol may suitably be commenced 
in advance of the surgical procedure. 

As disclosed in said PCT Application, to suppress an immune response, an 
MHC fusion complex is administered that is linked to an immunoglobulin, e.g., fused 
to the constant domains of an immunoglobulin molecule such as an IgG, IgM or IgA 
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irnmunoglobulin or fragment. See Figure 1C of the Drawings and the examples which 
follow. 

A number of distinct approaches can be employed to suppress an immune 
response of a mammal in accordance with the invention. 

Specifically, as discussed above, it has been shown that a MHC molecule will 
only induce clonal expansion of a T cell line specific if co-stimulatory signal(s) such 
as from antigen presenting cells are also delivered. In the absence of co-stimulatory 
signals, or at least in the absence delivery of an T cell proliferation effective amount 
of such T cell co-stimulatory signal®, the T cells will be induced to a state of anergy 
or apoptosis resulting in clonal deletion. 

Accordingly, one treatment method for suppression of an immune response 
provides for the administration of an effective amount of one or more MHC fusion 
complexes or loaded molecules in the substantial absence of any costimulatory 
signal(s) to thereby induce anergy for specific T cells and effectively suppress an 
undesired immune response. Preferably, a "truncated" soluble MHC complex is X 
administered, i.e. the MHC complex does not contain a transmembrane portion. The 
presenting peptide of the administered soluble MHC fusion complex or loaded MHC 
molecukTcan be selected that are specific for T cells of an undesired immune response 
to induce a state of anergy with respect to those T cells. Such presenting peptides can 
be readily identified and selected by the in vitro protocols identified above. 

Soluble MHC fusion complexes or loaded molecules suitably can be 
administered to a mammal by injection, e.g., intraperitoneal or intravenous injection. 
Topical administration, e.g., eye drops, and administration through nasal and lung 
inhalers also should be possible. A MHC fusion complex, at least those complexes 
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used in therapeutic applications, should be produced in mammalian cells and purified 
prior to use so it is essentially or completely free of any bacterial or pyrogens. The 
optimal dose for a give* therapeutic application can be determined by conventional 



means. 



MHC fusion complexes or loaded molecules may be suitably administered to a 
subject (particularly mammal such as human or livestock such as cattle) in treatment 
or pharmaceutical compositions which comprise the fusion complex or loaded 
molecule Such pharmaceutical compositionsof the invention are prepared and used m 
accordance with procedures known in the art. For example, formulations containing a 
therapeutically effective amount of an MHC fusion complex or loaded molecules may 
be presented in unit-dose or multi-dose containers, e.g., sealed ampules and vials, and 
may be stored in a freeze dried (lyophilized) condition requiring only the addition of 
the sterile liquid carrier, e.g. water for injections, immediately prior to use. 
Liposome formulations also may be preferred for many applications. Other 
compositions for parenteral administration also will be suitable and include aqueous 
and non-aqueous sterile injection solutions which may contain anti-oxidants, buffers, 
bacteriostats and solutes which render the formulation isotonic with the blood of the 
intended recipient; and aqueous and non-aqueous sterile suspensions which may 
include suspending agents and thickening agents. 

Another treatment method for suppression of an immune response provides for 
administration of a MHC fusion complex that contains a covalently linked presenting 
peptide that is a T cell receptor antagonist or partial agonist or loaded MHC molecule 
that contains a presenting peptide that is such a T cell receptor antagonist or parual 
agonist [see A. Sette et al., Annu. Re, Immunol., 12:413-431 (1994)]. The MHC 
fusion complex or loaded MHC molecule may be a truncated form and be 
administered as a soluble protein as described above. Alternatively, the MHC fusion 
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complex or loaded MHC molecule may be full length, i.e. will contain a 
transmembrane portion. Treatment with these complexes will comprise administration 
to a mammal an effective amount of a DNA sequence that comprises a DNA vector 
encoding the full length MHC fusion complex of the invention and a presenting 
peptide L is a TcR antagonist or partial agonist. See, e.g., the discussion above and 
Examples 3, 10 and 11 which follow for suitable means of preparation of such MHC 
fusion complexes and use of same for immunosuppressive therapy. Presenting 
peptides that are TcR antagonists or partial agonists can be readily identified and 
selected by the in vitro protocols identified above. A MHC fusion complex that 
contains a presenting peptide that is a f cell receptor antagonist or partial agonist is 
particularly preferred for treatment of allergies and autoimmune diseases such as 
multiple sclerosis, insulin-dependent diabetes mellitus and rheumatoid arthritis. 

Further, as discussed above and in said PCT Application, host compatible 
antigen presenting cells into which DNA coding for an MHC fusion complex has been 
introduced may be administered to a subject to suppress an immune response. Upon 
administration the cells express a MHC fusion complex in the absence of an effective 
amount of T cell co-stimulatory signal(s), i.e. such that T cell anergy is induced, X 
and/or the administered cells express an MHC fusion complex that contains a linked 
presenting peptide with antagonist or partial agonist activity. 

Different immunosuppressive therapies of the invention also may be used in 
combination as well as with other known immunosuppressive agents such as anti- 
inflammatory drugs to provide a more effective treatment of a T cell-mediated 
disorder. For example, immunosuppressive MHC fusion complexes or loaded MHC 
molecules that can be used in combination with anti-inflammatory agents such as 
corticosteroids and nonsteroidal drugs for the treatment of autoimmune disorders and 
allergies. 
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The invention also provides methods for invoking an immune response in a 
mammal such as a human, including vaccinating a mammal such as a human against 
an infectious agent or a targeted disorder such as cancer, particularly a melanoma 
cancer, or other disorder such as malaria. 

As disclosed in said PCT Application these methods include administering to a 
mammal an effective amount of a DNA sequence that comprises a DNA vector that 
codes for an MHC fusion complex of the invention that contains a transmembrane 
portion, and/or administration of such a MHC fusion complex that contains a 
transmembrane portion and/or administration of host compatible antigen presenting 
cells that contain such DNA that code for such MHC fusion complexes. Preparation 
of expression vectors of MHC fusion complexes is described above and in Examples 3 
and 12 which follow. Methods for administration of plasmid DNA, uptake of that 
DNA by cells of the administered subject and expression of protein has been reported 
[see J. Ulmer et al., Science, 259:1745-1749 (1993)]. 

Preferably the DNA that codes for a full length MHC fusion complex is 
administered to a mammal together with a DNA sequence coding for a T cell X 
costimulatory factor such as DNA coding for B7 or B7-2. The B7 gene and 
expression thereof is described in D. Harlan et al., Proc. Natl. Acad. ScL USA, 
91:3137-3141 (1994). Upon uptake of that DNA by the cells of the subject, the T cell 
co-stimulatory factor will be expressed and can provide the co-stimulatory signal(s) 
and thereby assist in the initiation of the immune response. See Examples 3 and 12 
which follow and disclose the construction of expression vectors containing B7 or B7- 
2 genes. 

While administration of DNA coding for an MHC fusion complex to a 
mammal such as a human as discussed above is a preferred method for invoking an 
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immune response in the subject, MHC fusion complexes also may be suitably 
administered by other routes. Thus, as discussed above, host compatible antigen 
presenting cells into which DNA coding for an MHC fusion complex has been 
introduced may be administered to a subject to induce an immune response. Upon 
administration the cells express an MHC fusion complex in the presence of an 
effective amount of T cell co-stimulatory signal(s) such as B7 or B7-2 genes to invoke 
an immune response, and/or the administered cells express a full length MHC fusion 
complex that is capable of invoking an immune response, e.g. as shown by an 
increase in T cell proliferation such as by procedures detailed in Examples which 
follow. Although typically less preferred than approaches discussed above, MHC 
fusion complexes that are capable of invoking an immune response also may be 
directly administered to a subject, e.g. a full length MHC fusion complex that 
contains a covalently linked antigenic presenting peptide which can stimulate or induce 
T cell proliferation. 

Methods of the invention for inducing an immune response, including 
vaccinating a subject against a targeted disorder, may be used in combination with 
known methods for inducing an immune response. For example, a single chain MHC 
class II complex, or DNA construct coding for such a MHC complex, may be 
administered to a subject in coordination or combination with administration of a 
vaccine composition, in order to boost or prolong the desired effect.of such vaccine 
composition. 

As disclosed in said PCT Application, DNA vectors that encode MHC fusion 
complexes are suitably administered to a mammal including a human preferably by 
intramuscular injection. Administration of cDNA to skeletal muscle of a mammal 
with subsequent uptake of administered expression vector by the muscle cells and 
expression of protein encoded by the DNA has been described by Ulmer et al. and 
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represents an exemplary protocol [J. Ulmer et al., Science, 259:1745-1749]. The 
optimal dose for a given therapeutic application can be determined by conventional 
means. 

Additionally, MHC fusion complexes, DNA vectors that encode such 
complexes and host compatible antigen presenting cells that contain such DNA vectors 
each suitably may be administered to a subject by a variety of other routes. For 
example, to induce an immune response, it may be preferable to administer DNA 
vectors that encode antigenic MHC fusion complexes, alone or together with DNA 
coding for a co-stimulatory factor, intradermally to a subject, by procedures known to 
those skilled in the art. Such administration can result in transformation of 
intradermal antigen presenting cells (e.g., dendritic cells) and T cell proliferation. 
See the results of Example 16 which follows. MHC fusion complexes and DNA 
vectors encoding such fusion complexes also may be administered to a subject by 
other routes, e.g., orally or transdermally. 

In addition to treatment of human disorders, MHC fusion complexes and DNA 
constructs that encode such fusion complexes or loaded MHC molecules will hav^ 
significant use for veterinary applications, e.g., treatment of disorders of livestock 
such as cattle, sheep, etc. and pets such as dog and cats. 

While MHC fusion complexes or DNA constructs coding for such fusion 
complexes, or loaded MHC molecules, may be administered alone to a subject, they 
also each may be used as part of a pharmaceutical composition. Pharmaceutical 
compositions in general comprise one or more MHC fusion complexes or DNA 
constructs coding for such fusion complexes or loaded MHC molecules together with 
one or more acceptable carriers. The carriers must be "acceptable" in the sense of 
being compatible with other ingredients of the formulation and not deleterious to the 



-47- 



oien, .hereof For examp.e, for parenteral admmistration such as by an injection 
' lie solution or suspension with water may be prepared, or other 
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particularly loaded MHC class H complexes, have use in the treatment of human, 
livestock and pet disorders as described above. 

It will also be 'appreciated that the single chain MHC fusion complexes 
described above and in said PCT Application, can be used to construct transgenic 
mouse strains (see Example 31, infra). Such mouse strains are useful as, e.g., model 
systems in which the activity of T cells such as T helper cells can be modulated. 

All documents mentioned herein are incorporated herein by reference in their 
entirety. 

The following non-limiting examples are illustrative of the invention. 

FYAMPLES 1A-1F Construction of soluble MHC fusion complexes of the invention. 

MHC class II-peptide fusion vectors for expressing soluble MHC class II 
molecules with covalently linked presenting peptides were prepared as described 
below in Examples IA-IF. The MHC class H genes used to prepare the following^ 
MHC fusion complex constructs were isolated by PCR amplification of cDNA 
generated from the appropriate Antigen Presenting Cell (APC), as shown in Figures 2- 
8 of the Drawings. 

Example 1A. For the I-A d genes, total RNA was isolated from the 

mouse B cell lymphoma A20 cell line. Briefly, 1 x 10 8 A20 cells (ATCC TIB 208) 
were homogenized in 6 ml of ice cold 4 M guanidinium thiocyanate, 0. 1 M Tris-Hcl, 
Ph 7.5 using a Tissue Tearer homogenizer for 5 minutes. Following homogenization, 
sarcosyl was added to a final concentration of 0.5% and the solution was mixed 
thoroughly. The homogenate was centrifuged at 5000g for 10 minutes and the 
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supernatant was brought up to 10 mis with 4 M guanidinium thiocyanate, 0.1 M Tris- 
Hcl, Ph 7.5, 0.5% sarcosyl buffer. The supernatant was gently layered on top of a 
3.5 ml cushion of 5.7 M CsCl, 0.01 M EDTA, pH 7.5 in an SW41 clear 
ultracentrifuge tube. The samples were centrifuged in an SW41 rotor at 32,000 rpm 
for 24 hours at 20°C. Following centrifugation, the supernatant was carefully 
removed and the RNA pellet was washed with 70% ethanol. The RNA was dissolved 
in 350 /xl of DEPC-treated water containing 40 units of RNasin (Promega). The RNA 
was precipitated with 35 /xl of 3 M sodium acetate and 970 /xl of ethanol. This 
procedure yielded approximately 370 /xg of total RNA. The RNA was resuspended to 
5 fig/ [A with DEPC-treated water and -was used for RT-PCR cloning of the I-A d 
genes. Figure 2 of the Drawings shows the strategy for isolating the I-A d al-od gene 
fragment (encoding aal to 182) and Figure 8 of the Drawings lists the oligonucleotides 
primers used. The A20 total RNA (5 /xg) was converted to cDNA by using 
Superscript-MLV .Reverse Transcriptase (GIBCO-BRL) and <*2-specific priming 
according to manufacturer's procedures. Of the 20 /xl of cDNA generated, 2 /xl was 
used as template DNA for PCR. Typical PCR amplification reactions (100 id) 
contained template DNA, 10 pmoles of the appropriate primers (OPR100 and 
OPR101), 2.5 units of Taq polymerase, 100 /xM dNTP, 50 mM KC1, 10 mM TriX 
HC1, pH 8.3, 1.5 mM MgCl,, 0.01% gelatin. The template was denatured by an 
initial incubation at 96°C for 5 minutes during which the Taq polymerase was added 
to hot-start the reaction. The desired products were amplified by 10 thermal cycles of 
55°C for 1 minute, 70°C for 1 minute, then 96°C for 1 minute followed by 25 step 
cycles of 70°C for 1 minute, then 96°C for 1 minute. The initial al-a2 PCR product 
(approximately 550 bp) was designed to be cloned into the bacterial expression vector, 
pJRS139. The PCR products from 5 reactions were pooled, precipitated with 2 
volumes of ethanol/0.3 M sodium acetate, and the resulting products (about 0.2 /xg of 
DNA) were resuspended in water. The al-a2 gene fragment was digested with Ncol 
and Spel, resolved by agarose gel electrophoresis and purified by elution from the 
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agarose gel. The purified digested PCR products were then iigated into NcoVSpel 
digested pJRS139. The al-a2 gene fragment cloned in pJRS139 was designated 
39AD2 and served as the template for PCR amplification to add the restriction sites 
and flanking sequences necessary for cloning and expression in the mammalian 
expression vectors. In these reactions, 0.5 ng of Afccl-digested 39AD2 was used as a 
template, OPR107 and OPR108 were the primers and the PCR conditions were 5 
thermal cycles of 60°C for 1 minute, 70°C for 1 minute, and 96°C for 1 minute 
followed by 20 step cycles of 70°C for 1 minute and 96°C for 1 minute. The orl-o2 
PCR product (approximately 590 bp) contains a 5 ? EcoRV site and a 3' Eagl site for 
cloning between the leader intron and J-region intron of the IgG kappa chain shuttle 
vector (see Figure 9A of the Drawings). In addition, PCR product has the IgG splice 
sites and leader sequences necessary for proper expression of the MHC-IgG fusion 
protein. The PCR products were digested with EcoRV and Eagl and gel-purified. 
The purified digested PCR products were then Iigated into EcoRV/Eagl digested 
pBlueScript II SK+ (Stratagene) resulting in the pA19 construct. This vector was 
digested with EcoRV and Eagl and the resulting al-a2 gene fragment was subcloned 
into the pJW003 IgG shuttle vector as described in Example 2 below. 

Example IB. The following approach was employed to isolate the I-A d 

j81-/?2 gene fragment (encoding aal to 189), attaching the linker sequence and 
inserting the oligonucleotides encoding the antigenic peptides. This approach also is 
depicted in Figure 3 of the Drawings. The A20 total RNA (10 /xg) w *s converted to 
cDNA by using Superscript-MLV Reverse Transcriptase (GEBCO-BRL) and oligo dT- 
specific priming according to manufacturer's procedures. Of the 20 fil of cDNA 
generated, 2 ^1 was used as template DNA for PCR. The reactions were carried out 
as described above except oligonucleotide primers were OPR102 and OPR104 (see 
Figure 8 of the Drawings) and the PCR conditions were 10 thermal cycles of 60°C 
for 1 minute, 70°C for 1 minute, and 96°C for 1 minute followed by 40 step cycles 
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of 70°C for 1 minute and 96°C for 1 minute. The initial 01-02 PCR product 
(approximately 570 bp) was designed to be cloned into the bacterial expression vector, 
pJRS139. The PCR products were digested with Ncol and Spel and gel-purified in the 
same manner as described above. The purified digested PCR products were then 
ligated into NcoVSpel digested pJRS139. The 01-02 gene fragment cloned in 
pJRS139 was designated 39BD2 and served as the template for PCR amplification to 
add the linker sequence and restriction sites and flanking sequences necessary for 
cloning and expression in the mammalian expression vectors. In these reactions, 0.5 
ng of iVcd-digested 39AB2 was used as a template, OPR107 and OPR108 were the 
primers and the PCR conditions were 5 thermal cycles of 60°C for 1 minute, 70°C 
for 1 minute, and 96°C for 1 minute followed by 20 step cycles of 70°C for 1 minute 
and 96°C for 1 minute. The linker-01-02 PCR product (approximately 640 bp) 
contains a 5' EcoRV site and a 3' Eagl site for cloning between the leader intron and 
J-region intron of the IgG heavy chain shuttle vector (Figure 9B). In addition, PCR 
product has the IgG splice sites and leader sequences necessary for proper expression 
of the MHC-IgG fusion protein. To allow for cloning of the antigenic peptide 
sequences, an AflU site was engineered into the end of the signal sequence and an 
Nhel site was present at the beginning of the linker. The PCR products were digested 
with EcoRV and Eagl and gel-purified. The purified digested PCR products were 
then ligated into EcoRVIEagl digested pBlueScript II SK+ (Stratagene) resulting in 
the pB15 construct. Sequence and restriction analyses indicated that this construct 
contained a mutation in the £coRV site. To correct this mutation, two 
oligonucleotides (OPR119 and OPR 120-2) were annealed and ligated into 
HindlWNhel digested pB15, resulting in the vector, pBCl. To insert sequences 
encoding the class II I-A d binding peptides, oligonucleotides were annealed and ligated 
into AflWNhel digested pBCl. The Ova 323-339 peptide 
(SISQAVHAAHAEINEA.GR) (SEQ ID NO: 3) was encoded by oligonucleotides 
OPR110 and OPR111, Ova:H331R (SISQAVHAARAEINEAGR) (SEQ ID NO: 4) by 
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0PR115 and 0PR116, Ova A331Y (SISQAVHAAHYEINEAGR) (SEQ ID NO: 5) by 
OPR117 and OPR118, and HEL 74-86 (NLCNIPCSALLSS) (SEQ ID NO: 6) by 
OPR140 and OPR141. The respective constructs in the pBCl backbone were 
designated pB16, pB24, pB37 and pB4. These vectors were digested with £o?RV and 
Eagl and the resulting peptide-linker-|31-j82 gene fragment was subcloned into the 
pJW009 IgG shuttle vector as described in Example 2 which follows. 

Example 1C. The following approach was employed to isolate the 

human HLA-DR1 al-a2-hinge gene fragment (encoding aal-192) and is depicted in 
Figure 4 of the Drawings. Total cellular RNA was made by the procedure described 
above from 3 x 10 6 BLCL-K68 cells obtained from a HLA-DR1 homozygous 
individual. Total RNA was converted to cDNA (20 jil) by using Superscript-MLV 
Reverse Transcriptase (GIBCO-BRL) and oligo dT-specific priming according to 
manufacturer's procedures. The initial PCR reactions were design to add restriction 
sites necessary for cloning the al-a2-hinge gene fragment into bacterial expression 
vectors (for work that is not relevant to this application). PCRs were performed as 
described above except 5 /tl of the template cDNA was used, the primers were DR1 A- 
F and DR1A-B (Figure 8) and the PCR conditions were 10 thermal cycles of 55%: for 
1" minute, 70°C for 1 minute, and 96°C for 1 minute followed by 20 step cycles of 
70°C for 1 minute and 96°C for 1 minute. The al-a2-hinge PCR product 
(approximately 570 bp) was digested with HindlU and fla/nHI, gel-purified and ligated 
into HindlYUBamm digested pUC18, resulting in the K68A3 vector. This vector (0.5 
ng) served as a template for further PCR amplifications using AF-N and AB-S 
oligonucleotides as primers. The resulting cd-a2-hinge PCR product was digested 
with Ncol and Spel, gel-purified and ligated into Ncol/Spel digested pJRS139, 
resulting in the 39A2 vector. This vector served as the template for PCR 
amplification to add the linker sequence and restriction sites and flanking sequences 
necessary for cloning and expression in the mammalian expression vectors. PCRs 
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were performed as described above except 10 ng of the iVcoI-digested 39A2 template 
DNA was used, the primers were OPR124 and OPR125 (sequences thereof set forth 
in Figure 8 of the Drawings) and the PCR conditions were 5 thermal cycles of 50°C 
for 1 minute, 70°C for 1 minute, and 96°C for 1 minute followed by 10 step cycles 
of 70°C for 1 minute and 96°C for 1 minute. The od-a2-hinge PCR product 
(approximately 610 bp) contains a 5' EcoRV site and a 3' Eagl site for cloning 
between the leader intxon and J-region intron of the IgG kappa chain shuttle vector 
(see Figure 9E of the Drawings). In addition, PCR product has the IgG splice sites 
and leader sequences necessary for proper expression of the MHC-IgG fusion protein. 
The PCR products were digested with EcoM and Eagl and gel-purified. The purified 
digested PCR products were then ligated into EcoWEagl digested pA19 resulting in 
thl pBS-DRIA construct. This vector was digested with EcoRV and Eagl and the 
resulting HLA-DR1 al-a2-hinge gene fragment will be subcloned into the P JW003 
IgG shuttle vector as described in Example 2 which follows. 

Fxamole ID. The following approach was employed to isolate the 

human HLA-DR1 01-/J2-hinge gene fragment (encoding aal-198), attaching the linker 
sequence and inserting the oligonucleotides encoding the antigenic peptides. ThisX 
approach also is depicted in Figure 5 of the Drawings. Total cellular RNA was made 
by the procedure described above from 3 x W BLCL-K68 cells obtained from a 
HLA-DR1 homozygous individual. Total RNA was converted to cDNA (20 & by 
using Superscript-MLV Reverse Transcriptase (GIBCO-BRL) and oligo dT-spccrfic 
primins according to manufacturer's procedures. The initial PCR reactions were 
design to add restriction sites necessary for cloning the 01-02-hinge gene fragment 
Abacterial expression vectors (for work that is not relevant to this application). 
PCRs were performed as described above except 5 M l of the template cDNA was 
used, the primers were DR1B-F and DR1B-B (sequences of those primers set forth in 
Fiau're 8 of the Drawings) and the PCR conditions were 10 thermal cycles of 55°C 
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for 1 minute, 70 °C for 1 minute, and 96 °C for 1 minute followed by 25 step cycles 
of 70°C for 1 minute and 96°C for 1 minute. The jSl-/32-hinge PCR product 
(approximately 610 bp) was digested with HindHI and BamKl, gel-purified and ligated 
into HindUl/Bamm digested JS143.3, resulting in the pB712 vector. This vector (0.5 
ng) served as a template for ftirther PCR amplifications using BF-NN and BB-S 
oligonucleotides as primers. The resulting )Sl-jS2-hinge PCR product was digested 
with Ncol and Spel, gel-purified and ligated into Ncol/Spel digested pJRS139, 
resulting in the 39B3 vector. This vector served as the template for PCR 
amplification to add the linker sequence and restriction sites and flanking sequences 
necessary for cloning and expression in the mammalian expression vectors. Overlap- 
extension PCR was used to mutate an AflU in the )3l region and add the linker , 
sequence. The 39B3 vector was digested with AflU and Spel and the AflU/Spel j3 1-/32- 
hinge gene fragment was gel-purified. Two oligonucleotides coding for the linker and 
beginning of the 01 region (OPR121 and OPR122) were annealed, extended with Taq 
DNA polymerase resulting in a 78 bp fragment where the AflU in the 01 region is 
mutated without changing the amino acid specified. This fragment (5 ng) was mixed 
with the Afni/Spel /31-/?2-hinge gene fragment (5 ng) and overlap-extensions were 
carried out for 5 thermal cycles of 37°C for 1 minute, 70°C for 1 minute, and 9fc°C 
for 1 minute. Following the addition of the PCR primers- OPR119 and OPR123, 5 
additional thermal cycles of 37°C for 1 minute, 70°C for 1 minute, and 96°C for 1 
minute and 10 step cycles of 70 °C for 1 minute and 96° C for 1 minute were carried 
out. The resulting linker-/? l-j32-hinge PCR product (approximately 670 bp) contains a 
5' EcoRV site and a 3' Eagl site for cloning between the leader intron and J- region 
intron of the IgG heavy chain shuttle vector (see Figure 9F of the Drawings). In 
addition, the PCR product has the IgG splice sites and leader sequences necessary for 
proper expression of the MHC-IgG fusion protein. To allow for cloning of the 
antigenic peptide sequences, an Aflll site was engineered into the end of the signal 
sequence and an Nhel site was present at the beginning of the linker. The PCR 
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products were digested with Nhel and Eagl, gel-purified, and ligated into Nhel/Eagl 
digested pB16 (see above), in order to swap the jS chain gene fragments. The 
resulting vector was designated pBS-DRlj8. To insert sequences encoding the class II 
HLA-DR1 binding peptides, oligonucleotides are annealed and ligated into AfUl/Nhel 
digested pBS-DRl/3. The NP 404-415 peptide having the sequence QISVQPAFSVQ 
(SEQ ID NO: 7) is encoded by oligonucleotides OPR128 and OPR129, and HA 307- 
319 having the sequence PKYVKQNTLKLAT (SEQ ID NO: 8) is encoded by 
OPR130 and OPR131. The sequences of OPR128, OPR129, OPR130 and OPR131 
are set forth in Figure 8 of the Drawings. The respective constructs in the pBS-DRl/3 
backbone are designated pBS-DRl/3/NP and pBS-DRl/3/HA. These vectors are 
digested with EcdRV and Eagl and the resulting peptide-linker-/31-i32-hinge gene <■ 
fragment are subcloned into the pJW009 IgG shuttle vector as described in Example 2 
which follows. 

Example IE. The following approach is employed to isolate the I-A 5 

od-a2 gene fragment (encoding aal to 182). Figure 8 lists the oligonucleotides 
primers used. Figure 6 of the Drawings also depicts the protocol. The total RNA 
was prepared from the spleen of an SJL mouse by the same procedure used to prepare 
RNA from cell cultures. The RNA (10 fig) was converted to cDNA (50 /xl) by using 
MLV Reverse Transcriptase (GIBCO-BRL) and a2-specific priming according to 
manufacturer's procedures. PCRs were performed as described above except 6 /xl of 
the template cDNA was used, the primers were OPR 100 and OPR101 (sequences 
thereof set forth in Figure 8 of the Drawings) and the PCR conditions were 5 thermal 
cycles of 55°C for 30 seconds, 72°C for 30 seconds, and 96°C for 1 minute followed 
by 20 step cycles of 72°C for 1 minute and 96°C for 1 minute. The initial cd-c*2 
PCR product (approximately 550 bp) was reamplified using the PCR primers OPR107 
and OPR108 for 5 thermal cycles of 55°C for 30 seconds, 72°C for 30 seconds, and 
96°C for 1 minute followed by 10 to 15 step cycles of 72°C for 1 minute and 96°C 
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fragments. The resulting vector, designated pBS-IAS0, contains the EcoRV/ Eagl 
linker-01-jS2 fragment needed for cloning between the leader intron and J-regibn 
intron of the IgG kappa chain shuttle vector (see Figure 9D of the Drawings). To 
insert sequences encoding the class II I-A s binding peptides, oligonucleotides are 
annealed and ligated into AflWNhel digested pBS-IAS0. The MBP 91-103 peptide 
(HYGSLPQKSQHGR) (SEQ ID NO: 9) is encoded by oligonucleotides VW315 and 
VW316, PLP 139-151 (HSLGKWLGHPDKF) (SEQ ID NO: 10)) by VW313 and 
VW314 and MBP 1-14 (MASQKRPSQRSKYL) (SEQ ID NO: 11) by VW317 and 
VW318. Sequences of those oligonucleotides are set forth in Figure 8 of the 
Drawings. The respective constructs In the pBS-IAS/3 backbone are designated pBS- 
IAS/3/MBP91, pBS-IAS/3/PLP and pBS-IAS/3/MBPl. These vectors are digested with 
EcoRV and Eagl and the resulting peptide-linker-0 1-/32 gene fragment is subcloned 
into the pJW009 IgG shuttle vector as described in Example 2 which follows. 

EXAMPLE 2 - Preparation of expression vector of MHC fusion complex linked to 
immunoglobulin. 

The following protocol includes expression of soluble peptide-linked MHCv 
class n/immunoglobulin molecules as chimeric protein. The objective is to construct 
an antibody-like molecule that has kappa constant domain plus the MHC class II a 
chain region and the murine IgG2b constant domain joined with the MHC class II /3 
chain covalently linked to peptides of interest. These constructs are then cloned into 
separate mammalian expression vectors and used to transfect lymphoid derived cell 
lines, i.e. J558. 

Two commonly used mammalian expression vectors were modified so that the 
chimeric constructs could be cloned and expressed. The original vectors are described 
by Near et al. , Molecular Immunology 27: 901-909 (1990). Figure 10A of the 
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Culture Collection (ATCC), Rockland, Maryland USA and has received ATCC 
number 75832. An E coRV site was created at eight nucleotides 5' of the kappa 
variable region while an Eagl site was added at eight nucleotides 3 * of the JK1 
domain. These mutations would enable directional cloning of the MHC class II a 
gene into the vector for expression of the a chain/kappa constant region fusion 
molecule. Polymerase chain reaction (PCR) site directed mutagenesis was used to add 
these two restriction sites, and the primers and steps taken to make these changes are 
shown in Figure 12 of the Drawings. The 2.7 Kb piece of DNA was cloned from 
pUC19 into M13 mpl8 as an Ecoi?l-Xba\ fragment that was linearized with EcoRI and 
used as template (5 ng/100 ul mixture) in the PCR reactions. The 2.7 Kb insert was 
divided into three PCR fragments by designing primers that would specifically amplify 
three different length PCR products, which included a 0.8 Kb £coRI to EcoRV 
fragment, a 0.4 Kb £coRV to Eagl fragment, and a 1.5 Kb Eagl to Xbal fragment. 
The PCR primers used to amplify each fragment are summarized and the underlined 
sequence corresponds to the restriction endonuclease site. Primers PMC 120 
[5'GCAGAAGAATTCGAGCTCGGCCCCCAG3'] (SEQ ID NO: 12) containing an 
£a?RI site and PMC108 [5 ' GATGATATCAGAGAGAAATACATACTAACACAC3 '] 
(SEQ ID NO: 13) containing an EcdKV site were used to amplify the 0.8 Kb prbMuct, 
while primers PMC 100 [5 ' CGGAAGAAAGAGACTTCGGCCGCT ACTTAC3 '] 
(SEQ ID NO: 14) containing an Eagl site and PMC 102 

[5'GTGTGTTAGTATGTATTTCTCn'CTGATj^TTCAGCTTCCAGCAGTG3'] 
(SEQ ID NO: 15) containing an EcoRV site were used to PCR the 0.4 Kb fragment. 
The final piece to be amplified was 1.5 Kb in length and was amplified using primers 
PMC 99 [5'TCTTCTAGAAGACCACGCTAC3'] (SEQ ID NO: 16) containing an 
Xbal site and PMC 107 

[5 ' GATGATATCCGGCCGAAGTCTCTTTCTTCCGTTGTC3 ' ] (SEQ ID NO: 17) 
containing an Eagl site. Two overlapping PCR reactions were done with the three 
PCR products to construct the mutated 2.7 Kb insert. The first overlap PCR resulted 
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in amplifying a 1.2 Kb product using primers PMC 100 and PMC 120 and the 0.8 Kb 
and 0.4 Kb fragments. A second overlapping PCR reaction was done using the gel 
purified 1.2 Kb DNA and the 1.5 Kb piece and primers PMC99 and 120. From this 
reaction, a 2.7 Kb fragment was produced that was later digested with £coRI and 
Xbal and cloned into pUC19. DNA from ligation reaction mixtures was transformed 
into DG101 cells and 36 colonies were picked and screened by double digests using 
EcoRV -Eagl and EcoRI-Xbal enzymes. 

After detecting several positive clones by restriction mapping, three clones 
were chosen for sequencing. By using primers PMC-33, 77, 111, and 114 (sequences 
of those primers set forth in Figure 14 of the Drawings), 900 bp of sequence data was 
obtained. The region where correct sequence was found to include 400 bp of DNA 
between the £a?RV and EagI sites and 300 bp 5' of the EcoRV site and 200 bp 3' of 
the Eagl site. One clone, pJWOOl, had good sequence that was different from the 
consensus sequence at five bases. A disturbing observation made after restriction 
mapping and from reviewing sequence data generated using Ml 3 universal primers 
was that insert DNA cloned into pUC19 and transformed into DG101 was deleted. 
These deleted sequences poised a problem since much of the transcriptional machihery 
was deleted along with the major intron located between the Eagl site and Xbal, To 
salvage the piece of DNA that contained the mutated sites, EcoRV and Eagl, clone 
#12 insert was digested with two unique cutters, Ncol and Bsml. The Ncol site is 
located about 300 bp 5' from the EcoRV site, and a Bsml site is present about 200 bp 
3* of the Eagl site. Therefore, as seen in Figure 13 of the Drawings, the 0.9 Kb 
Ncol- Bsml piece was cut from pJWOOl and cloned into pUC19/kappa 26-10 insert 
which did not have the EcoRV and Eagl sites but did have the unique sites Ncol and 
Bsml. To confirm whether the correct size insert had been cloned into pJW002, an 
aliquot of pJW002 DNA was digested with three different pairs of restriction 
enzymes, EcoRl-Xbal, Ncol-Bsml, and EcoRV-Eagl. 
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To prevent recombination events from occurring again, the strain of E.coli was 
changed from DG101 to XL1-B, a recA negative host. At this step, the insert DNA 
contained the two site mutations and cloning of the MHC class H a gene could 
proceed. 

pJW002 DNA was digested with EcoRV and Eagl, dephosphorylated with calf 
intestinal alkaline phosphatase (CLAP), and then gel purified. The isolated vector 
DNA was then used in ligations with the gel purified 577 bp EcoRV-Eagl cut a chain 
I-A d gene. Ligation, transformation and screening of 10 colonies yielded a single 
positive clone which was digested with two pairs of enzymes, EcoRl-Xbal and 
EcoRV-Eagl. The positive clone, pJW003 (pUC19 mutated kappa containing the a. 
gene), was grown up and the DNA was Qiagen purified. 

A triple digest of pJW003 DNA was done using EcoRl, Xbal, and HindUl. 
The cut DNA was then treated with phenol chloroform, precipitated with ethanol, and 
washed with 70% ethanol after which the DNA was digested with Seal and treated 
with CLAP. pUC19 DNA migrates at 2.7 Kb on an agarose gel which makes it 
difficult to separate pUC DNA from the desired insert DNA. However, pUCl^as a 
unique Seal site that cuts and gives two smaller size fragments that can be separated 
on an agarose gel away from the 2.9 Kb insert DNA. After gel purification, the 2.9 
Kb a I-A d gene insert was ligated in EcoRl-Xbal gel purified pSVneo vector to make 
pJW004 (Figure 16A). Ligations were transformed into DG103. Qiagen maxi- 
preparations were done to isolate large amounts of vector DNA so that pJW004 could 
be transfected into mammalian cells. 

The strategy for cloning the MHC j3 variable gene into the pSVgpt expression 
vector was to make four mutations within the 1.7 Kb Xbal piece described in Figure 
11B. The four mutations included two EcoRV site deletions, one situated 68 
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nucleotides 5' of the leader sequence exon and the other site located at 27 nucleotides 
5- of the variable region. The other two mutations were site additions and involved 
an EcoRV site eight nucleotides 5' of the variable region and an Eagl site eight 
nucleotides 3' of the JH4 domain. M13 site directed mutagenesis was used to make 
the mutations on the 1.7 Kb insert. The approach was to subclone the 1.7 Kb Xbal 
fragment from P SVgptHC26-10 and clone it into M13. Site directed mutagenesis was 
dole using the BioRad Muta-Gene in vitro Mutagenesis Kit that is based on the highly 
efficient Ld simple method of Kunkel. This method employs a special E. coli strain 
that is deficient for dUTPase (dut) and uracil-N-glycosylase (ung). These deficiencies 
allow random uracil substitutions for thymine in the M13 ssDNA. When the double 
stranded DNA, or replicative form (RF), is transformed back into a wild type host 
strain the uracil-N-glycosylase degrades uracils present in the original template so that 
only the strand of DNA that carries the site specific mutation is replicated thereby 
generating a high efficiency of positive clones. 

The steps taken in making the mutations are shown in Figure 15. Briefly, 
primer PMC 26 [5 ' C AGGGTTATC AAC ACCCTGAAAAC3 ] (SEQ ID NO: 18) was 
used to delete the EcoRW site located 68 nucleotides 5' of the leader sequence ex^, 
and contained a sin 2 le base change, indicated by the underlined nucleotide, from A to 
T The deletion of the second EcoRV site at 27 nucleotides 5' of the variable region 
was done with primer PMC 28 [5 ' GTC ACAGTTATCCACTCTGTC3 '] (SEQ ID NO: 
19) and asain was a simple point mutation change from A to T. Primer PMC 96 
[5'CCGTCTCCTCAGGTACGGCCGGCCTCTCCAGGTCTTCG3'] (SEQ ID NO: 20) 
contained the Eagl site mutation, which consisted of four base changes indicated by 
the underlined nucleotides. Finally, primer PMC 97 

[5 ' C AC AGTT ATC C ACTCTGTCTTTGATATC AC AGGTGTCCT3 ' ] (SEQ ID NO: 
21) was used to create the EcoRV site by changing four nucleotides as shown. 
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EXAMPLE 3 - Construction of the full-length peptide-linked MHC expression vectors 
and expression vectors for co-stimulatory factors (B7-l.and B7-2). 

Vectors capable of co-expressing the full-length I-A d a chain and peptide- 
5 linked I-A d 0 chain molecules are suitably constructed by the procedures outlined in 
Figure 17 of the Drawings. In order to isolate the full-length I-A d a chain, A20 total 
RNA (5 fig) was converted to cDNA by using Superscript-MLV Reverse Transcriptase 
(GIBCO-BRL) and a chain TM-specific priming according to manufacturer's 
procedures. This cDNA was used as the template for PCR amplification using an a 

10 chain leader-specific primer OPR136 (sequence of that primer set forth in Figure 8) 
and an a chain TM-specific primer OPR139 (sequence of that primer set forth in 
Figure 8) by the PCR conditions described in Example 1 above. The resulting PCR 
product has about 800 bp and contains a 5' Xmal site and a 3' £a?RI site for cloning 
between the CMV promoter and SV40 poly- A sites of the PEE 13 mammalian 

15 expression vector (Celltech). In addition, this fragment carries a Kozak consensus 
sequence for efficient translational initiation (see Figure 18A of the Drawings). The 
PCR product was digested with Xmal and EcoRI, gel-purified and ligated into 
XmaVEcoRI digested PEE13, to give the PEE-IA d a vector. The full-length peptide- 
linked j3 chain fragment was constructed by inserting the leader and TM sequences 

20 into the Ova 323-339 and the HEL 74-86 peptide-linker-jS 1-/32 vectors (pB16 and pB4, 
respectively) described in Example 1 above. A20 total RNA (5 /zg) was converted to 
cDNA by using Superscript-MLV Reverse Transcriptase (GIBCO-BRL) and either 
oligo dT-specific or jS chain TM-specific priming according to manufacturer's 
procedures. These cDNAs were used as the template for PCR amplifications using 

25 either a pair of 0 chain leader-specific primers (OPR132/OPR133) (sequences of those 
primers set forth in Figure 8 of the Drawings) or a pair of jS chain TM-specific 
primers (OPR134/OPR135) (sequences of those primers set forth in Figure 8 of the 
Drawings). The 110 bp jS leader PCR product contains 5' Hindll! and Xmal sites and 
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a 3' AflU. site for cloning into the pBCl and pB16 peptide-linker-j3 1-/32 vectors. The 
inclusion of the A/HI site changes the last two amino acids of the I-A d B chain leader 
to those found in the IgG leader. The B leader PCR product was digested with 
HindUl and Xmal, gel-purified and ligated into HindlW A/Ill digested pB16, to give 
pDM21. The 180 bp B TM PCR product contains a 5' BstXl and sites and 3' XmaUl 
and £coRI sites for cloning into pDM21. The 8 TM PCR product was digested with 
BstXl and EcoRI, gel-purified and ligated into BstXl/EcoRI digested pDM21, to give 
the pIA d /3/OVA vector, pVW229. The Ova peptide oligonucleotide was swapped with 
the HEL peptide oligonucleotide described in Example 1 above to generate the 
pIA d j8/HEL vector. These vectors were digested with Xmal and £o?RI to generate the 
full-length peptide linked B chain gene fragments for cloning between the CMV 
promoter and SV40 poly- A sites of the PEE6 mammalian expression vector (Celltech). 
These fragments also carry the Kozak consensus sequence for efficient translational 
initiation (Figure 18B). The resulting vectors PEE-IA d /3/OVA and PEE-IA d /3/HEL 
were digested with BgW and BaniHL. The CKMB promoter/peptide-/3 chain 
fragments were gel-purified and ligated into BamHl digested PEE-IA d a, to generate 
the final PEE-IA d /OVA and PEE-IA d /HEL expression vectors. A vector without any 
peptide oligonucleotide, PEE-IA d , was also constructed and used as a control. X 

In order to clone the B7-1 and B7-2 genes, cDNAs can be generated from total 
RNA isolated from activated mouse spleen cells .or from mouse lymphoma cell lines. 
These cDNAs serve as templates for PCR amplification using either B7-1 or B7-2 
specific primers. The PCR products generated carry 5' and 3' Notl sites for cloning 
between the CMV promoter and SV40 poly-A sites of pCMV/3 mammalian expression 
vector (Clonetech). These fragments also carry the Kozak consensus sequence for 
efficient translational initiation. 

EXAMPLE 4-11 - Assays and Methods 
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(Vneral comments 

One or more of several assay systems are suitably employed to test the ability 
of the soluble MHC fusion complexes to modulate the activity of t cells and are 
exemplified in the examples which follow. In a first exemplary assay a mouse MHC 
class H I-A d /Ig fusion molecule is linked to an antigenic peptide from hen egg 
lysozyme (HEL 74-86), chicken ovalbumin (Ova 323-339) or one of two single- 
substitution analogues of the Ova peptide - Ova H331R or Ova A332Y. The HEL 74- 
86, Ova 323-339 and Ova H331R peptides are known to bind I-A d whereas the Ova 
A332Y analogue will serve as a non-binding control [S. Buus et al., Science, 
235:1353-1358 (1987); A. Sette et Nature, 328:395-399 (1987)]. The Hi% 31 is 
believed to not be important for MHC binding but it is critical for T cell stimulation 
and the Ova H331R/I-A d /Ig complex will serve as a TcR antagonist for T cell 
stimulation. The mouse DO 11.10 T-cell hybridoma specifically recognizes the Ova 
323-339/I-A d complex and is stimulated to produce IL-2. The assay, outlined in 
Example 4 below, uses the soluble Ova 323-339/I-A d /Ig to suppress T-cell stimulation 
by APCs loaded with the Ova peptide. Further effects of the soluble peptide-linked 
MHC/Ig molecules on Ova-specific T-cell proliferation are examined in Example 5. 
In addition, the effects of the soluble Ova 323-339/I-A d /Ig and soluble HEL 74-86^- 
A d /Ig on T cell function in vivo can be examined as described in Examples 6 and 7. 
Mice are injected with the antigenic HEL and Ova peptides (linked to KLH carrier) 
and either the soluble Ova 323-339/I-A d /Ig or soluble HEL 74-86/I-A d /Ig molecules. 
Inhibition of in vivo T cell-dependent antibody responses and proliferation of Ova- 
specific T cells and HEL-specific T cells will be characterized as described in 
Examples 6 and 7. 

A further model is exemplified by an assay that involves linking a peptide from 
the influenza nucleoprotein (NP 404-415) to the human class II HLA-DRl/Ig 
molecules (see Example 5). The soluble NP 404-4 15/DRl/Ig molecules are analyzed 
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for their ability to inhibit APC/NP 404-4 15-dependent proliferation of a human T cell 
line, K68-36. Soluble DRl/Ig molecules linked to a different HLA-DR1 binding 
peptide (HA 307-319) is used as a negative control. 

In an additional model system, the ability of soluble peptide-linked MHC/Ig 
molecules to suppress autoimmunity is examined. As an animal model for multiple 
sclerosis, SJL mice can be induce to develop experimental allergic encephalomyelitis 
(EAE) following immunization with encephalitogenic proteins or peptides or following 
adoptive transfer of T H cells specific to these antigens. As described below, the 
encephalitogenic regions of myelin basic protein (MBP 91-103) and of 
proteolipoprotein (PLP 139-151) are each linked to the mouse class II I-AVIg 
molecule. The non-binding MBP 1-14 peptide serves as a negative control. The 
soluble peptide-linked I-A s /Ig molecules is administered to EAE-induced mice. The 
ability to- reduce the incidence and severity of EAE is determined as described in 
Example 8 which follows. In addition, the immuno-suppressive effects of TcR 
antagonistic PLP analogs linked to full length I-A s molecules in EAE-induced mice 
can be examined in this system. The peptide/MHC complexes will be produced in the 
muscle following injection with DNA carrying the appropriate gene constructs, aX 
described in Example 11 which follows. 

Example 4 - Effects of the soluble peptide-linked MHC/Ig molecules in an 
ovalbumin specific T cell hybridoma system. 

One assay in accordance with the invention involves use of a murine T cell 
hybridoma, DO 11.10 [R. Shimonkevitz et al., /. Exp. Med., 158:303 (1983)] which 
expresses on its surface a T cell receptor specific for a 21 amino acid peptide 
fragment (aa 323-339) derived from chicken egg ovalbumin (Ova). This peptide can 
be presented to DO 11.10 only by antigen presenting cells (APC) expressing the 
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murine class H MHC molecule I-A d . When the peptide is presented by the 
appropriate APC, DO 11.10 cells respond by producing IL-2, which can then be 
assayed as a measure of T cell activation. The cell line to employ to present the 
antigen is A20.1-11 [K. Kim et al., 7. Immunol., 122:549 (1979)], which expresses I- 
A d on its surface. Briefly, the A20.1-11 cells are incubated in the presence of the 
peptide fragment until their I-A d molecules are saturated (approximately 3 hours) with 
peptide and then washed to remove unbound peptide. DO 11.10 cells are incubated 
with or without the soluble peptide-linked MHC/Ig molecules for 3 hours.(or more) 
and then washed extensively to remove unbound protein. As described in Example 1 
above, the peptides linked to the I-A d 0 chain include Ova 323-339, one of two single- 
substitution analogs of the Ova peptide - Ova H331R or Ova A332Y, or a peptide 
from hen egg lysozyme (HEL 74-86). The Ova 323-339, Ova H331R, HEL 74-86 
peptides are known to bind I-A d whereas the Ova A332Y analog will serve as a non- 
binding control [S. Buus et al., Science, 235:1353-1358 (1987); A. Sette et al., 
Nature, 328:395-399 (1987)]. The HEL 74-86 peptide serves as a non-specific 
negative control. Antigen-pulsed APC are then incubated with the treated DO 11.10 T 
cell hybridoma (2xl0 5 /well) for 24 hours at 37°C in an atmosphere of 5% C0 2 . 
Cultures are carried out in complete culture medium (RPMI 1640 supplemented "with 
10% FBS, penicUlin/streptomycin, L-glutamine and 5xl0" 5 M 2-mercaptoethanol) in 
96 well flat bottom microliter plates. After 24 hours, culture supernatant is assayed 
for the presence of IL-2 using the IL-2 dependent murine T cell line CTLL-2. 

Serial twofold dilutions of each culture supernatant is prepared in completed 
medium in flat bottomed microliter plates and lxlO 4 CTLL-2 cells is added to each 
well. After 16 to 20 hours the negative control wells (CTLL-2 cultured with medium 
alone) and positive control wells (CTLL-2 cells cultured with rIL-2) is examined 
microscopically and at the point at which negative control cells are 90% dead, while 
positive control cells are still actively proliferating. MTT (2mg/ml; 25/xl/well) is 
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added and the plates returned to the incubator for an additional 4 hours. At this time, 
blue crystals formed by MTT in actively metabolizing cells will be dissolved by 
addition of 150/.1 per well of 0.4N HC1 in isopropanol per well. After careful 
mixing, the O.D. at 562nm is determined using a ELISA plate reader (Ceres- 
UV900HD. The concentration of IL-2 in experimental wells can be determined by 
extrapolation from an IL-2 standard curve and then comparison of IL-2 from cultures 
containing no recombinant protein molecules can be compared to those containing the 
molecules to be tested and an index of inhibition calculated. 

It is believed that use of antigen dose and APC numbers giving slightly 
submaximal responses of peptide antigen and antigen presenting cells for activation of 
DO 11.10 is preferred to detect inhibition of the system by recombinant protein 
molecules. In view thereof, experiments preferably are at least initially conducted 
with peptide antigen pulse conditions of 100 M g/inl and 10 M g/ml and with APC 
concentrations of 0.5xl0»/wcU and 0.1xl0 5 /well. 

Soluble peptide-linked MHC/Ig molecules are tested for their ability to block 
this system over a range of concentrations from 10 ^ M. Testing is suitably^ 
performed with approximately a 10:1 to 1:1 molar ratio between the soluble peptide- 
linked MHC/Ig molecules and the MHC Class II expressed on either 0.5xl0> or 
0 lxlO 5 A20.1-11 cells. Concentrations are adjusted as necessary depending on 
results of preliminary experiments. A decrease in DO 11.10 IL-2 production 
following preincubation with the soluble Ova 323-339/I-A</Ig or Ova H331R/I-A<Vl g 
molecules compared to preincubation with Ova A332Y/I-A</Ig or HEL 74-86/I-A* 
molecules or no preincubation will indicate that the soluble peptide-linked MHC 
molecules can suppress immune responses in a peptide-specific manner. 
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This same assay also can be used to identify peptides that function as TcR 
antagonist or partial agonists as discussed above. 

Exampjei - Effects of soluble peptide-linked MHC/Ig molecules on antigen 
stimulated T cell proliferation. 

A further assay in accordance with the invention examines whether the soluble 
peptide-linked MHC/Ig molecules are able to suppress immune responses in T cells 
isolated from mice or humans (rather than the T cell hybridoma described in Example 
4 above). 

The DO 11.10 T cell hybridoma is partially activated and does not require co- 
stimulatory signals for complete activation. On the other hand, non-transformed T H 
cells isolated from immunized mice require both a peptide/MHC signal as well as co- 
stimulatory signals in order to proliferate in culture. This system will be used as a 
sensitive measure of the effects of the soluble peptide-linked MHC/Ig molecules on T H 
cell responses. Ova-primed T cells will be obtained from BALB/c mice (MHC Class 
H: I-A") by immunizing with 50 M g of Ova 323-339-KLH in complete Freund's X 
adjuvant, subcutaneously at the base of the tail. Two immunizations will be 
performed at 7 day intervals and, one week after the second injection, mice will be 
sacrificed and inguinal and paraaortic lymph nodes removed and rendered into a single 
cell suspension. 

The suspension is depleted of antigen presenting cells by incubation on nylon 
wool and Sephadex G-10 columns, and the resulting purified T cell populations 
incubated either with Click's medium alone, or with soluble peptide-linked MHC/Ig 
molecules dissolved in Click's medium. T cells are cultured with the soluble pept.de- 
linked MHC/Ig molecules (as described in Example 4 above) for 3 hours prior to 
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washing and initiation of proliferation assay, however this time period may be 
increased up to 24 hours if necessary. 

Activated B cells from BALB/c mice are used as antigen presenting cells in the 
proliferation assay. B cells are prepared by culturing spleen cells with 50 M g/ml of 
LPS for 48 to 72 hours at which time activated cells will be isolated by density 
gradient centrifugation on Lymphoprep. Activated B cells are then pulsed with 
ovalbumin peptide for 3 hours, washed extensively, fixed with paraformaldehyde to 
inhibit proliferation of B cells, and added to purified T cells. 

The proliferation assay is carried out in 96 well round bottom microliter plates 
at 37°C, 5% C0 2 for 3-5 days. Wells are pulsed with 1 fid of 3 H-thymidine for 18 
hours prior to termination of cultures and harvested using a Skatron cell harvester. 
Incorporation of 'H-thymidine into DNA as a measure of T cell proliferation are 
determined using an LKB liquid scintillation spectrometer. A decrease in T cell 
proliferation following preincubation with the soluble Ova 323-339/I-A</Ig molecules, 
as compared to preincubation with Ova A332Y/I-A</Ig or HEL 74-86/I-A</Ig 
molecules or no preincubation, indicates the soluble peptide-linked MHC/Ig moieties 
can suppress immune responses in a peptide-specific manner. 

Measurement of IL-2 concentrations in wells containing proliferating T cells at 
24 and 48 hours may be a good alternative to carrying out the 3 to 5 day assay of 
proliferation. Initial experiments involve comparison of these two systems to 
determine which would be more sensitive to detection of inhibition. Because the 
detection of IL-2 measures an earlier activation event it may prove to be more useful 
in this situation. 
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Initial experiments carried out prior to testing of soluble peptide-linked MHC 
molecules will determine the optimum parameters for these systems, i.e., 
supramaximal, maximal and submaximal concentrations of peptide antigen for pulsing 
of antigen presenting cells, optimal and suboptimal dosages of APC/well, and 
5 optimum length of proliferation assay (3-5 days) or IL-2 production assay. As 

discussed above, it is believed that the system will be most sensitive to inhibition with 
recombinant proteins at a suboptimal level of T cell activation, so such conditions 
preferably are chosen for initial experiments. 

10 The effects of soluble peptide-linked human class II MHC/Ig molecules on 

antigen-stimulated human T cell proliferation will also be examined. Soluble HLA- 
DRl/Ig molecules covalently attached to either the influenza nuclear protein - NP 404- 
415 or the influenza hemagglutinin protein HA 307-318 can be produced as described 
in Examples 1 and 2 above. Both peptides are known to bind the HLA-DR1 
15 molecules. An NP 404-415/DR1 specific human T cell clone, K68-36, will be used to 
test the effects of preincubation of the soluble peptide-linked MHC/Ig molecules on 
3 H-thymidine incorporation stimulated by NP 404-415 loaded APCs (BLCL-K68 cells; 
H EBV-transformed B cells from the same donor), as described above. Again, a N 

decrease in T cell proliferation following preincubation with the soluble NP 404- 
20 415/DRl/Ig molecules compared to preincubation with HA 307-318/DRl/Ig molecules 
or no preincubation will indicate that the soluble peptide-linked MHC/Ig molecules 
can suppress human immune responses in a peptide-specific manner. 

These assays also can be employed to determine indicate whether a peptide 
25 can function as a TcR antagonist or partial agonists as discussed above. 
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Example 6 - In vivo effects of the soluble peptide-linked MHC molecules on 
antibody responses. 
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As discussed above, it has been shown that peptide-MHC complexes on the 
surface of APCs will only induce the clonal expansion of a reactive T cell line specific 
for the MHC bound peptide if the APCs also deliver co-stimulatory signals. In the 
absence of co-stimulatory signals delivered by APCs, these particular reactive T H cells 
will be induced to a state of anergy. 

To test whether the soluble peptide-linked MHC/Ig molecules can induce T H 
cell anergy in vivo, the effects of such molecules on T H cell-dependent 
immunoglobulin class switching (i.e. IgM to IgG) and on clonal expansion of peptide- 
specific T cell lines (Example 7 which follows) can be examined. 

In order to examine Ig class switching, three test groups are set up as follows: 
(a) 15 BALB/c mice are injected intraperitoneally (IP) with 10-100 ng of Ova 
323-339-KLH conjugate, in Complete Freund's adjuvant, in order to induce an 
immune response to the Ova 323-339 peptide. On the day before and the day of 
immunization with Ova-KLH, 5 of the mice are injected IP with 10-100 M g of the 
soluble Ova 323-339/MHC I-A d /Ig in PBS. This soluble Ova fusion protein binds to 
the T cell receptor (TCR) displayed on the Ova 323-339 specific T H cells. Due\ the 
absence of the co-stimulatory signal, these T H cells are induced to a state of anergy. 
The remaining 10 mice serve as control. 5 of them receive PBS and other 5 receive 
MHC I-A d /Ig intraperitoneally. 

(b) Identical experiments are performed with HEL-KLH conjugate and HEL 

74-86/MHC I-A d /Ig. 

(c) 25 BALB/c mice are injected as described above with both Ova-KLH and 
HEL-KLH conjugates. 5 of these mice are injected intraperitoneally with Ova 323- 
339/MHC I-A d /Ig and 5 of them will receive HEL 74-86/MHC I-A d /Ig 
intraperitoneally. The other mice receive either PBS or MHC I-A d /Ig as controls. 
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Ten days after the immunization, blood is collected from each mouse by tail 
bleeding. Mice are anesthetized with metafane in the following manner: cotton or 
gauze moistened with 20 to 25 drops of metafane and placed in a glass container with 
a metal or glass cover. The mouse is placed on top of a grate that is over the 
moistened cotton or gauze. When breathing slows down, the mouse is removed from 
the chamber and the toes pinched to check reflexes. Once the mouse is sufficiently 
anesthetized, the tail is held under a heat lamp to increase blood flow. After 
disinfecting the tail with isopropyl or ethyl alcohol, the tip is clipped off with sharp 
scissors. Blood is collected in an eppendorf tube. Bleeding can be enhanced by 
"milking" the tail. After collecting the blood, pressure is applied to the tip of the tail 
with a gauze pad. The blood is centrifuged at approximately 14,000 G for 3-5 
minutes and the serum collected. 

Assays are performed in 96-well microtiter plates (Maxisorp F8; Nunc,. Inc.) 
coated at 1-50 M g/ml with OVA-KLH or whole Ovalbumin using a Tris-HCl coating 
buffer, pH 8.5. A second set of plates are coated at 1-50 /zg/ml of HEL-KLH or 
whole HEL. The plates are covered with pressure sensitive film (Falcon, Becton 
Dickinson, Oxnard, CA) and incubated overnight at 4°C. Plates are then washefrwith 
Wash solution (Imidazole/NaCl/0.4% Tween-20) and blocked by adding 100 M I/well 
of a 3% BSA solution. Following incubation on a plate rotator at room temperature 
for 30 minutes, the plates are washed five times with Wash solution. Mouse sera is 
diluted 1:500 in Sample/conjugate diluent (2% gelatin + 0.1% Tween-20 in TBS) and 
then, in duplicate, serially diluted on the plate. Two identical plates are set up for 
each coating protein, one for determination of IgM titer and the other for IgG. 
Following incubation on a plate rotator at room temperature for 30 minutes, the plates 
are washed five times with Wash solution. Goat anti mouse IgM-HRP and goat anti 
mouse IgG-HRP conjugates (Boehringer Mannheim, Indianapolis, IN, 1:100 dilution 
in Sample/conjugate diluent) are added to the appropriate plates. Following 
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incubation on a plate rotator at room temperature for 30 minutes, the plates are 
washed five times with Wash solution and then incubated with 100 /xl/well of ABTS 
developing substrate (Kirkgaard & Perry Laboratories, Inc., Gaithersburg, MD) for 
10 minutes on a plate rotator at room temperature. The reactions are stopped with 
100 jil/well of Quench buffer (Kirkgaard & Perry Laboratories, Inc., Gaithersburg, 
MD) and the absorbance value is read at 405 nm using an automated microtiter plate 
ELISA reader (Ceres UV900HI, Bioteck, Winooski, Vermont). The titer is 
determined by plotting the absorbance reading versus the log of the dilutions of the 
samples and determining the dilution at the mid-point (50% of the absorbance). The 
titers for IgM versus IgG are then compared. The sera is also checked for cross- 
reactivity. 

Example 7 - T H cell stimulation in mice treated with soluble peptide-linked 
MHC/Ig molecules. 

The effects of soluble peptide-linked MHC/Ig molecules on clonal expansion of 
peptide-specific T cell lines in vivo can be suitably examined in accordance with the 
following assay. ^ 

The treatment groups (4 mice per group) are identical to those described in 
Example 6 above. The immunization protocol is as follows: mice are injected 
intraperitoneally with 10-100 /xg of the soluble Ova 323-339/MHC I-A d /Ig in PBS and 
24 hours later injected subcutaneously at the base of the tail with 50 /*g of Ova 323- 
339-KLH. These two injections are repeated 6 and 7 days later. Seven days after 
completion of the second set of injections, the mice are sacrificed. The inguinal and 
paraaortic lymph nodes are removed and rendered into a single cell suspension. 



-76- 



The suspension is depleted of antigen presenting cells by incubation on nylon 
wool and Sephadex G-10 columns, and the resulting purified T cell populations 
incubated with APCs pulsed with either the Ova 323-339 peptide or the HEL 74-86 
peptide. 

Activated B cells ftom BALB/c mice are used at antigen presenting cells in the 
proliferation assay. B cells are prepared by culruring spleen cells with 50 of 
LPS for 48 to 72 hours at which time activated cells are Mated by density grad.ent 
cen.rifuga.ion on Lymphoprep. Ac.iva.ed B cells are then pulsed with the Ova 323- 
339 peptide or the HEL 74-86 peptide for 3 hours, washed extensively, fixed w,th 
paraformaldehyde to inhibit probation of B cells, and added to purified T cells from 
each panel of mice. 

The proliferation assay is carried out in 96.well round bottom microtiter plates 
a, 37°C 5% C0 2 for 3-5 days. Wells are pulsed wim 1 ftCi of 'H-thymidine for 18 
hours prior to termination of cultures and harvested using a Skatron cell harvester, 
incorporation of 'H-mymidine in.0 DNA as a measure of T cell proliferation » 
determined using an LKB liquid scin.illa.ion spedometer. The degree of peptide- N 
reactive T cell proliferation is indicative of the T„ cell responses (i.e. of clonal 
expansion) mat took place in the mice following immunization. 

Example! - Soluble peptide-linked MHC/Ig-mediated inhibition of EAE 

induction in SJL mice. 

Experiment allergic encephalomyelitis (EAE) is an autoimmune disease in 
mice and serves as an animal mode, for multiple sclerosis. Encephali.ogenic reg.ons 
of mo proteins, myelin basic protein (MBP 91-103) and pro.eolipopro.em (PLP lo9- 
151) have been defined. In me susceptible SJL mouse strain, EAE can be induced » 
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develop following immunization with the encephalitogenic peptide or adoptive transfer 
of MBP-reactive T cells. To determine whether treatment with soluble MHC fusion 
complexes such as MBP 91-103/MHC I-AVIg and PLP 139-151/MHC I-AVIg 
complex wUl prevent EAE development after T-cell activation, SJL mice can be 
injected with the examined MHC fusion complex e.g. MBP 91-103 and PLP 139-151 
reactive T-cell blasts in vivo. 

To induce EAE in SJL mice with MBP 91-103, mice are immunized with 400 
M g of MBP 91-103 in complete Freund's adjuvant on the dorsum. Ten to 14 days 
later, regional draining lymph node cells are harvested as described above and 
cultured in 24-well plates at a concentration of 6x10' cells per well in 1.5 ml of RPMI 
1640 medium/10% fetal bovine serum/1% penicUlin/streptomycin with the addition of 
MBP at 50 /tg/ml. After a 4-day in vitro stimulation, MBP 91-103-reactive T cell 
blasts are harvested via Ficoll/Hypaque density gradient, washed twice in PBS, and 
1 3xl0 7 cells are injected into each mouse. Mice receiving encephalitogenic MBP 91- 
103-reactive T cells then receive either 100 M g of soluble MBP 91-103/I-AVIg, .lOO/zg 
of MBP 1-14/I-AVIg (the negative control), or normal saline on days 0, 3, and 7 i.v. 
(total dose 300 M g)- Clinical and histological evaluations are performed to confirmx 
that the MBP 91-103/I-AVIg inhibited the development of EAE in these mice. 

To induce EAE in SJL mice with PLP peptide 139-151, mice are immunized 
with PLP peptide 139-151 dissolved in PBS and mixed with complete Freund's 
adjuvant containing Mycobacterium tuberculosis H37Ra at 4 mg/ml in 1:1 ratio. Mice 
are injected with 150 M g of peptide adjuvant mixture. On the same day and 48 hours 
later all animals are given 400 ng of pertussis toxin. Adoptive transfer of EAE are 
then performed as described above. PLP 139-15 1/I-AVIg rather than MBP 91-103/I- 
AVIg is then used to prevent the development of EAE. 
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ExamElei - Antibody response in mice vaccinated with the peptide-linked 
MHC expression vectors. 

The following assay (illustrated with PEE-IA d /OVA) shows how an immune 
response can be induced in a mammal in accordance with the invention by 
administration (e.g., IM) with one or more presenting peptide-linked MHC expression 
vectors and that co-administration of DNA coding for co-stimulatory factor such as 
B7 1 (or B7-->) expression vector can be employed to further augment the immune 
response as discussed above. This system will provide a unique method for inducing 
immune responses (including to provided vaccination against a targeted disorder) that 
bypasses the complexities of antigen uptake and processing. 

BALB/c mice (five per group) are injected intramuscular (IM) in both hind 
legs with 100 M g of: (D PEE-IA'/OVA carrying the coding regions of Ova 323-339/1- 
A- under the control of the CMV promoter, (b) P CMV/B7-1 or pCMV/B7-2 
contains the coding regions of B7-1 or B7-2 gene under the control of the CMV 
promoter, (c) PEE-IA'/OVA and either pCMV/B7-l or pCMV/B7-2, (d) PEE- 
IA-/HEL bearing the coding region HEL 74-86/I-A* under the control of the CMVX 
promoter, (e) PEE-IA'/HEL and either pCMV/B7-l or P CMV/B7-2 or (f) PEE-IA* 
containing the coding region of I-A- under the control of the CMV promoter. 
Injections are given at 0, 3, and 6 weeks. 

At 0 2, 5, and 8 weeks post initial injection, blood is collected from each 
m0 use by tail bleeding as described in Example 6. The blood is centrifcged at 
approximately 14,000 G for 3-5 minutes and the serum collected. 

Assays are performed in 96-well microtiter plates (Maxisorp F8; Nunc, Inc.) 
that have been coated at 1-50 ^nl with OVA-KLH and HEL-KLH using a Tris-HCl 
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coating buffer, pH 8.5. The plates are covered with pressure sensitive film (Falcon, 
Becton Dickinson, Oxnard, CA) and incubated overnight at 4°C: Plates are then 
washed with Wash solution (ImidazoIe/NaCl/0.4% Tween-20) and blocked by adding 
100 /il/well of a 3% BSA solution. Following incubation on a plate rotator at room 
temperature for 30 minutes, the plates are washed five times with Wash solution. 
Mouse sera is diluted 1:500 in Sample/conjugate diluent (2% gelatin + 0.1% Tween- 
20 in TBS) and then, in duplicate, serially diluted on the plate. Samples of mouse 
sera is run on both the OVA-KLH and HEL-KLH coated plates to test for cross- 
reactivity. Following incubation on a plate rotator at room temperature for 30 
minutes, the plates are washed five times with Wash solution and then 100 /xl of the 
goat anti-mouse IgG-HRP conjugates (Boehringer Mannheim, Indianapolis, IN, 1:100 
dilution in Sample/conjugate diluent) are added to the appropriate plates. Following 
incubation on a plate rotator at room temperature for 30 minutes, the plates are 
washed five times with Wash solution and then incubated with 100 /il/well of ABTS 
developing substrate (Kirkgaard & Perry Laboratories, Inc., Gaithersburg, MD) for 
10 minutes on a plate rotator at room temperature. The reactions are stopped with 
100 /xl/well of Quench buffer (Kirkgaard & Perry Laboratories, Inc., Gaithersburg, 
MD) and the absorbance value at 405 nm read using an automated microtiter plafe 
ELISA reader (Ceres UV900HI, Bioteck, Winooski, Vermont). The titer can be 
determined by plotting the absorbance reading versus the log of the dilutions of the 
samples and determining the dilution at the mid-point (50% of the absorbance). 

Example 10 - Detection of peptide specific T cells following induction of 
immune response with peptide-linked MHC expression vectors. 

In order to determine whether intramuscular injection of DNA has successfully 
immunized mice to mount a T helper cell response to ovalbumin, an ovalbumin 
specific T cell proliferation assay can be employed. Mice are immunized by the 
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protocol described in Example 9 and T cells are prepared from the inguinal and 
paraaortic lymph nodes 7 days after the second immunization. 

The suspension is depleted of antigen presenting cells by incubation on nylon 
wool and Sephadex G-10 columns, and the resulting purified T cell populations 
incubated with APCs pulsed with either the Ova 323-339 peptide or the HEL 74-86 
peptide. Activated B cells from BALB/c mice are used as antigen presenting cells in 
the proliferation assay. B cells are prepared by culturing spleen cells with 50/ig/ml of 
LPS for 48 to 72 hours at which time activated cells are isolated by density gradient 
centrifugation on Lymphoprep. Activated B cells are then pulsed with either the Ova 
323-339 peptide or the HEL 74-86 peptide for 3 hours, washed extensively, fixed with 
paraformaldehyde to inhibit proliferation of B cells, and added to purified T cells. 

The proliferation assay is carried out in 96 well round bottom microtiter plates 
at 37°C, 5% C0 2 for 3-5 days. Wells are pulsed with 1 /xCi of 3 H-thymidine for 18 
hours prior to termination of cultures and harvested using a Skatorn cell harvester. 
Incorporation of 3 H-thymidine into DNA as a measure of T cell proliferation is 
determined using an LKB liquid scintillation spectrometer. The degree of peptide^ 
reactive T cell proliferation is indicative of the T H cell responses (i.e. of clonal 
expansion) that took place in the mice following immunization. 

Example 11 - Suppression of autoimmune disease in mice injected with TcR 
antagonistic peptide-linked MHC expression vectors. 

Examples 3 and 9-10 above show methodologies to be used for stimulating 
immune responses via MHC fusion complexes. As discussed above, similar 
procedures can be employed to inhibit immune responses by using TcR antagonistic 
peptides linked to the MHC molecules, i.e. the presenting peptide covalently linked to 
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the MHC peptide is a TcR antagonist or partial agonist. As described in Example 1, 
the PLP peptide 139-151 is capable of inducing EAE in SJL mice. Analogs of this 
peptide have been characterized for TcR antagonistic activity against a panel of I-A s - 
restricted, PLP 139-151-specific T cell clones. Two different analogs, PLP-W144Y 
(HSLGKYLGHPDKF) (SEQ ID NO: 22) and PLP-W144L (HSLGKLLGHPDKF) 
(SEQ ID NO: 23), were found to be particularly useful for inhibiting in vitro T cell 
proliferation in most of the T cell clones tested [A. Franco et al., Eur. J. Immunol. , 
24:940-946] (1994). As a model system, vectors capable of co-expressing the PLP 
peptide analog-linked I-A» 0 chain and the full-length I-A s cc chain molecules can be 
constructed. Vector construction is suitably similar to that outlined in Example 3 
above. The native PLP 139-151 linked-MHC construct serves as a positive (antigenic) 
control. These vector DNAs (with and without the B7 or B7-2 expression vectors) are 
suitably injected IM into SJL mice (see Example 9 for injection procedures) prior to 
and during the induction of EAE. EAE can be induced by the adoptive-transfer of 
PLP 139-151 reactive T H cells by procedures as described in Example 8 above. 
Clinical and histological evaluations are performed to confirm that the PLP 
antagonist/I-A s expression vector injection inhibited the development of EAE in the 
mice. 

Example_12 - Construction of full-length peptide-linked I-A d MHC expression 
vectors. 

Vectors capable of co-expressing the full-length I-A d a chain and peptide- 
linked I-A d 0 chain molecules were constructed as outlined in Figure 19 of the 
Drawings and by the same or similar procedures as disclosed in Example 3 above. 
For the^I-A" genes, total RNA was isolated from the mouse B cell lymphoma A20 cell 
line. Briefly, 1 x 10 8 A20 cells (American Type Collection Culture Accession No. 
TIB 208) were homogenized in 6 ml of ice cold 4 M guanidinium thiocyanate, 0.1 M 
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Tris-HCl, pH 7.5 using a Tissue Tearer homogenizer for 5 minutes. Following 
homogenization, sodium sarcosyl was added to a final concentration of .0.5% and the 
solution was mixed thoroughly. The homogenate was centrifuged at 5000g for 10 
minutes and the supernatant was brought up to 10 ml with 4 M guanidinium 
thiocyanate, 0.1 M Tris-HCl, pH 7.5, 0.5% sodium sarcosyl buffer. The supernatant 
was gently layered on top of a 3.5 ml cushion of 5.7 M CsCl, 0.01 M EDTA, pH 7.5 
in an SW41 clear ultracentrifuge tube. The samples were centrifuged in an SW41 
rotor at 32,000 rpm for 24 hours at 20°C. Following centrifugation, the supernatant 
was carefully removed and the RNA pellet was washed with 70% ethanol. The RNA 
was dissolved in 350 yX of 3 M sodium acetate and 970 y\ of ethanol. This procedure 
yielded approximately 370 M g of total RNA. The RNA was resuspended to 5 y.°Jii\ 
with DEPC-treated water and was used for RT-PCR cloning of the I-A d genes. 

To isolate the full-length I-A d a chain, A20 total RNA (5 /ig) was converted to 
cDNA by using M-MLV Reverse Transcriptase (GIBCO-BRL) and cc chain TM- 
specific priming (oligonucleotide OPR139) according to manufacturer's recommended 
procedures. This cDNA was used as the template for PCR amplification using an a 
chain leader-specific primer (OPR136) and an a chain TM-specific primer (OPR139). 
See Figure 20 of the Drawings where the sequences of those OPR136 and OPR 139 
primers are disclosed. Typical PCR amplification reactions (100 yl) contained 
template DNA, 10 pmoles of the appropriate primers, 2.5 units, of Taq polymerase, 
100 ftM dNTP, 50 mM KC1, 10 mM Tris-HCl, pH 8.3, 1.5 mM MgCl : , 0.01% 
gelatin. The template was denatured by an initial incubation at 96°C for 5 min during 
which the Taq polymerase was added to hot-start the reaction. The desired products 
were amplified by 10 thermal cycles of 58°C for 30 sec, 72°C for 1 minute, then 
96°C for 1 minute followed by 20 step cycles of 70°C for 1.5 minute, then 96 3 C for 
1 minute. The resulting PCR product (-800 bp) contains a 5' Xinal site and a 3* 
EcoW site for cloning. In addition, this fragment carries a Kozak consensus sequence 
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for efficient translational initiation (see Figure 18A of the Drawings where the 
sequence of the PCR product is disclosed). The PCR product was digested with Xmal 
and £coRI, gel-purified and ligated into Xaml/EcoW digested pUC18, to give the 
vector pJRS 163-10. Following sequence verification, the XmallEcoXl fragment was 
excised, purified and subcloned between the CMV promoter and SV40 poly-A-sites of 
the PEE 13 mammalian expression vector (Celltech), resulting in the pJRS164 vector. 

The full-length peptide-linked 0 chain fragment was constructed by inserting 
the leader and TM sequences into the OVA 323-339 peptide 
(SISQAVHAAHAEINEAGR) (SEQ ID NO: 24) linked 01-02 vector ( P B16) as 
described in Example 1 above. A20 total RNA (5 M g) was converted to cDNA by 
using Superscript-MLV or M-MLV Reverse Transcriptase (GIBCO-BRL) and either 
oligo dT-specific or 0 chain TM-specific priming (with OPR135, sequence thereof 
shown in Figure 20) according to manufacturer's recommended procedures. These 
cDNAs were used as the template for PCR amplifications using either a pair of 0 
chain leader-specific primers (OPR132/OPR133; sequences of those primers disclosed 
in Figure 20 of the Drawings) and a pair of 0 chain TM-specific primers 
(QPR134/OPR135; sequences of those primers disclosed in Figure 20 of the ^ 
Drawings). PCR amplification conditions were similar to those described above in 
this example. Specifically, thermal cycling conditions for amplifying the leader 
sequence were 10 thermal cycles of 60°C for 1- minute, 70°C for 1 minute, and 96°C 
for 1 minute followed by 30 step cycles of 70«C for 1 minute and 96°C for 1 minute, 
whereas conditions for amplifying the TM domain were 5 thermal cycles of 60°C for 
30 seconds, 72°C for 30 seconds, and 96°C for 1 minute followed by 25 step cycles 
of 70°C for 1 minute and 96°C for 1 minute. The 110 bp 0 leader PCR product 
contains 5' Hindlll and Xmal sites and a 3' Aflil site for cloning into the pB16 OVA 
peptide-linker-<31-/32 vector. The inclusion of the Aflil site changes the last two amino 
acids of the I-A d 0 chain leader to those found in the IgG leader (see Figure 18B of 
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the Drawings). The 8 leader PCR product was digested with Hindlll and Xmal, gel- 
purified and ligated into HindlH/A/Ill digested pB16, to give pDM21. The 180 bp B 
TM PCR product contains a 5' BstXl and sites and 3' XmaUl and EcoRI sites for 
cloning into the pDM21 vector. The jS TM PCR product was digested with BstXl and 
5 EcdRI, gel-purified and ligated into BstXVEcoRI digested pDM21, to give the 

pVW229 vector. This vector was digested with Xmal and EcoRI to generate the full- 
length peptide linked j8 chain gene fragments for cloning between the CMV promoter 
and SV40 poly-A sites of the PEE6 mammalian expression vector (Celltech). These 
fragments also carry the Kozak consensus sequence (CCACCATG) (SEQ ID NO: 2) 
10 for efficient translational initiation (see Figure 18A of the Drawings). The resulting 
pVW231 was digested with BgKI and BamHl. The CMV promoter/peptide-/3 chain 
fragments was gel-purified and ligated into BamHl digested pJRS164, to generate the 
final pJRS 165.1 expression vector containing full length I-A d a and OVA-linked B 
chain genes. • 

15 

Additional plasmids containing the full length I-A d a chain gene and either the 
0 chain gene without a linked peptide or with the HEL 74-86 peptide 
(NLCNIPSCALLSS) (SEQ ID NO: 25) were constructed as shown in the schemed 
Figure 19 of the Drawings and served as controls in the induction studies. The 

20 AfIW BstXl fragments of pBCl and pB4 (as disclosed in Example 1 above) containing 
the linker-01-/32 region and the HEL peptide-linker-j81-j82 region, respectively were 
excised, gel purified, and ligated into AflWBstXl digested pVW229. The resulting 
vectors, pFB12 and pFBH3, have XmallEccRl fragments contain the full length B 
chain gene linked either to no peptide or the HEL peptide, respectively. These 

25 fragments were excised, gel purified and ligated between the CMV promoter and 

SV40 poly-A sites of XmallEccRl digested PEE6, resulting in pBl and pBH4. These 
vectors were digested with BgUl and BamHl and the CMV promoter/j3 chain 
fragments were gel purified and ligated into BamHl digested pJRS164, to generate 
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pAB5, the expression vector containing full length I-A d a and 0 chain genes without a 
linked peptide, and pABHl, the expression vector containing full length I-A d a and 
HEL-linked 0 chain genes. Samples of aforesaid plasmids pJRS 165.1, pAB5 and 
pABHl (Accession Nos. 97301, 97032 and 97033 respectively) have been deposited 
with the American Type Culture Collection, Rockville, Maryland. 

The murine B7-1 gene was amplified from a plasmid MB7-PCR2 template 
carrying the B7 gene (provided by E. Podack, Univ. of Miami). These reactions 
were caried out with Ultima polymerase (Perkin-Elmer) according to manufacturer's 
recommended procedures using the BTspecific primers B7-1-2F and B7-1-2B 
(sequences of those primers disclosed in Figure 20 of the Drawings). Thermal cycling 
conditions were 20 thermal cycles of 60°C for 30 seconds, 72'C for 1.5 minute, and 
96°C for 1 minute followed by 10 step cycles of 72°C for 1.5 minute and 96°C for 1 
•minute. The PCR product generated carries 5' and 3' Nod sites for cloning. This 
fragment also carries the Kozak consensus sequence (CCACCATG) (SEQ ID NO: 2) 
for'efficient translation^ initiation. The product was digested with Notl, gel purified 
and ligated between the CMV promoter and SV40 poly-A sites of Mtfl-digested 
pCMV/3 mammalian expression vector (Clonetech). The resulting vector was X 
designated pUB7l9. 

Example 13 - Development of a cell line expressing a functional fusion 
complex on the cell surface. 

As further detailed below, a murine B cell tumor (NSO; H-2 d background) has 
been transfected with the P JRS165.1 construct (murine I-A d /OVA 323-339 described 
in Example 12 above) and has been shown by flow cytometric analysis of the cell 
surface to express the MHC portion of the fusion complex. In addition, the fusion 
complex expressed on these cells was shown to be capable of modulating the activity 
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of the appropriate T cell receptor (TcR) by inducing IL-2 production in the I-A 
restricted, OVA peptide 323-339 specific T cell hybridoma, DO11.10. The results 
demonstrate, inter alia, that (1) the covalently linked fusion peptide can be loaded into 
the binding cleft of the MHC with preservation of the conformation of the MHC, (2) 
5 the peptide/MHC fusion preserves the functional integrity of the MHC molecule (i.e. 
it is able to bind the TcR and activate peptide specific T cells) and (3) the ordinary 
physiologic mechanisms for peptide loading of MHC molecules and subsequent 
antigen presentation can be bypassed through the present invention. 

10 A. Generation of transfected lymphocytes 

The NSO murine B cell tumor line was transfected according to the Celltech 
Glutamine Synthestase Gene Amplification System Manual with minor modifications. 
This method uses electroporation to transfect mammalian cells with a vector (PEE- 13) 
containing the coding region for the glutamine synthetase. Transfected cells have the 

15 ability to synthesize glutamine, thereby surviving without an exogenous supply. 

Selection of transformed clones was accomplished by isolating the cells that grow in 
glutamine-free medium. Briefly, 1 x 10 7 NSO cells were washed twice in ice cold 
PBS and resuspended in 760 pi of cold PBS. Forty /tg (40jil at 1 pg/fd) of Sal I\ 
digested pJRS165.1 (See Example 12 above) plasmid DNA was added to the cells in 

20 an electroporation cuvette (0.4 cm). The cehVDNA mix was placed on ice for 5 

minutes and the cells then electroporated using a Gene Pulser (Biorad) to deliver one 
pulse of 250 volts, 960 n?d. The pulsed cells were placed on ice for 2-5 minutes, 
removed from the cuvette, and added to 30 ml of non-selective medium (IMDM, 
10%FBS, 2mM L-glutamine, penicUlin/streptomycin). Cells were plated in 96-well 

25 flat bottomed microliter plates at 50 pl/well (4 plates, cell suspension in 30 ml of 
medium as above; 5 plates, cell suspension diluted 1:4; 5 plates, cell suspension 
diluted 1:20) and then incubated with 5% CO, at 37°C. For the negative control, the 
same procedure of electroporation and plating was followed except that the DNA was 
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omitted. The next day, 150 M l of selective medium [IMDM, 10% dialyzed FBS, 
penicillin/streptomycin, nucleosides (6 pg/ml A, G, C and U; 2 jig/ml T). 60 pg/ml 
glutamate and asparagine] was added to each well. The plates were fed with selective 
medium on a weekly basis by removing 100/il/weIl of used medium and adding 
lOO/tl/well of fresh medium, allowing the cells to gradually deplete the medium of all 
residual glutamine. Only those cells that have been transformed will survive, colonies 
becoming evident in 14-21 days. The colonies, or clones, were expanded and 
screened for expression of confonnationally correct surface MHC Class II fusion 
complex, as detailed below. 



B. Conformation of MHC/peptide fusion construct 

Clones generated in the above transfection were analyzed for expression of 
Class H MHC fusion complex at levels significantly higher than the parent cell, NSO. 
NSO/IA d /OVA clones (1x10 s ) or control cells, NSO or A20.1-11 [K. Kim et al., 
15 J. Immunol, 122:549 (1979)], were incubated with FITC-conjugated anti-IA d antibody 
(Pharmingen, 1:100 dilution) in staining buffer (PBS/1%FBS) for 45 minutes at 4°C 
in the dark. After washing three times in staining buffer, fluorescence was examined 
on a Beckton Dickinson FACScan flow cytometer. An isotype matched irrelevant^ 
t* antibody (FITC-conjugated anti-IA k , Pharmingen 1:100) was used as negative control. 

20 IA d fluorescence intensity was compared to IA k expression to determine specific 

fluorescence (see results set forth in Table 1 below). In that Table, data are reported 
as peak channel green fluorescence which is a measure of fluorescence intensity and 
therefore the density of IA d molecules expressed on the cell surface. The negative 
control cell line (NSO) peaks at channel 67 and the positive control (A20.1-11) at 
25 channel 1322. Clones exhibiting peak fluorescence greater than channel 100 were 

chosen for further analysis of functionality of the fusion protein. The clones listed in 
Table 1 have been grown in bulk, frozen and banked for future use. Since the 
antibody recognize the conformational MHC molecule, this ability to detect the MHC 
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fusion complex on the cell surface using antibody demonstrates the conformation of 
the MHC class II has been preserved in the recombinant fusion complex. 

TABLE 1 

IA d Expression on NSO/IA d /OVA clones (in peak channel fluorescence) 



CLONE IA d IA k 

A20.1 ( + control) 1322 5 

NSO (- control) 67 5 

NSO/IA d /OVA.B2 528 14 

NSO/IA d /OVA.B5 209 10 

NSO/IA d /OVA.B4 271 11 

NSO/IA d /OVA.A4 153 34 



C. Demonstration of functional activity of MHC fusion complex 

To verify the biologically relevant activity of these recombinant protein 
molecules, the molecules' ability to interact with the appropriate T cell receptor in 
vitro in an antigen specific manner and cause activation of the T cell was evaluated. 

A murine T cell hybridoma, DO11.10 [Shimonkevitz, R. et al. (1983) 
J.Exp. Med. 158: 303], was utilized which expresses on its surface a T cell receptor 
specific for a 21 amino acid peptide fragment (aa 323-339) derived from chicken >gg 
ovalbumin (OVA). This peptide can be presented to DO11.10 only by anrigen 
presenting cells (APC) expressing the murine Class II MHC molecule I-A d . When the 
peptide is presented by the appropriate APC, DO11.10 cells will respond by 
producing IL-2, which can then be assayed as a measure of T cell activation. The cell 
line which served as a positive control was A20.1-11, which expresses I-A d on its 
surface. Briefly, the A20.1-11 cells (lxlO 5 / well) were incubated together with 
peptide (1 /ig/well) and DO11.10 cells (2xl0 5 /well), for 24 hours at 37°C in an 
atmosphere of 5% C0 2 . NSO cells (as negative control) and NSO/IA d /OVA clones 
(lxlO 5 ) were incubated with DO11.10 cells in the absence of peptide. Cultures were 
carried out in complete culture medium (RPMI 1640, 10%FBS, penicillin/ 
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streptomycin, 2 mM L-glutamine and 5xlO" 5 M 2-mercaptoethanol) in 96 well flat 
bottom microtiter plates. After 24 hours, culture supernatants were assayed for the 
presence of DO 11. 10 derived IL-2 using the IL-2 dependent murine T cell line CTLL- 
2, as described below. 

Briefly, serial twofold dilutions of each culture supernatant were prepared in 
complete medium in flat bottomed microtiter plates and lxlO 4 CTLL-2 cells were 
added to each well. After 16-20 hours the negative control wells (CTLL-2 cultured 
with medium alone) and positive control wells (CTLL-2 cells cultured with rIL-2) 
were examined microscopically and at the point at which negative control cells were 
approximately 90% dead, while positive control cells were still actively proliferating, 
MTT (2mg/ml in PBS; 25/*l/well) was added and the plates returned to the incubator 
for an additional 4 hours. At this time, blue crystals of formazan formed in actively 
metabolizing cells were dissolved by addition of 150/xl of 0.4N HC1 in isopropanol per 
well. After careful mixing, the O.D. at 562 nm was determined using a Ceres- 
UV900HI plate reader. Data demonstrating the functional activity of the four clones 
discussed above along with appropriate negative (NSO) controls is shown in Figure 21 
of the Drawings and is represented in a graph displaying the O.D. value of the fkst 
four dilutions of DO11.10 culture supernatant, as a measure of T cell activation. 

These results establish the MHC/peptide complex expressed on these 
transfected cells is biologically functional, in that it can engage the TcR on DO 11. 10 
and trigger the production of IL-2. These results indicate that such engineered cells 
expressing unique MHC/peptide constructs in the absence of co-stimulatory signals, 
can be of clinical importance in disease states in which an inappropriate immune 
response to a peptide has pathological consequences for the host, such as in allergy or 
in certain autoimmune disorders. This technique also has the potential, through 
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further manipulation of the engineered cells, to serve as a vector to deliver a positive 
signal for immunization. 

Example 14 - Assay for immune induction or suppression by cells expressing 
MHC fusion complex. 

The following assay can be employed to evaluate the capability of MHC fusion 
complex cell lines of the invention (i.e., cells that have introduced therein DNA 
coding for an MHC fusion complex) for inducing or suppressing an immune response 
in a host to which the cells have been administered. 

The following exemplification of the assay utilizes an animal model of 
immunization with ovalbumin peptide 323-339 and manipulation of the response to the 
peptide using the engineered fusion complex expressing cells described in Example 13 
above. The methodology of this example can be applied to a wide variety of MHC 
fusion complexes that contain a presenting peptide which can modulate (i.e., suppress 
or induce) an immune response in mammals and which can be linked to an MHC 
molecule such as by a flexible linker as disclosed above. N 

The cells that can be utilized in this assay (NSO/IA d /OVA.B2, 
NSO/IA d /OVA.B4, NSO/IA70VA.B5 and NSO/IA d /OVA.A4) are transfected with 
the MHC/OVA 323-339 fusion complex DNA, pJRS165.1 (see Examples 12 and 13 
above). These cells express only low levels of costimulatory molecules (i.e., a non- 
effective T cell proliferation amount) and therefore are not capable of initiating the 
initial priming event for induction of immunity to the peptide (as is known in the art, 
B cells are capable of activating memory T cells, but, unlike "professional APC" are 
unable to deliver the signal required for induction of immunity). Injection of these 
cells into a histocompatible host can result in interaction with T cells in the absence of 
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co-stimulatory molecules, and therefore induction of antigen specific unresponsiveness 
or T cell tolerance. 

The assay can be specifically conducted as follows. BALB/c (IA d ) mice (3-4 
5 per group) are injected i.v. in the tail or s.c. in the base of the tail with the cells or 
reagents listed in Table 2 below. Cells are washed in PBS, resuspended to lxl0 8 /ml 
in PBS and injected into the tail vein (0.1 ml; lxlO 7 cells/mouse). Ovalbumin peptide 
(2mg/ml in PBS) is mixed with complete Freund's adjuvant containing Mycobacterium 
tuberculosis H37Ra in a 1:1 v/v ratio. Fifty microliters are injected s.c. into each 
10 side of the base of the tail. Seven days' after the last injection, lymph nodes 
2 (inguinal, paraaortic, cervical, axillary, brachial) are removed and homogenized to 

1 obtain a single cell suspension. Lymph nodes from individual mice within a group are 

P processed separately. T cells are purified from lymph node populations by passage of 

ffi cell suspensions over G-10 and nylon wool to remove accessory cells. Antigen 

43 15 presenting cells are prepared from the spleens of naive BALB/c mice by 
O homogenizing spleens to obtain a single cell suspension, lysis of erythrocytes using 

| Gey's solution, treatment with mitomycin C (100 M g/ml in RPMI 1640/1 % FBS for 1 

S hour at 37°C) to inhibit APC proliferation, and 3 washes to remove residual N 

mitomycin C. Assays for induction of a T cell response are carried out in 96 well 
20 round bottom microliter plates. Two to 4x10 s T cells are mixed with 2-4X10 5 APC. 
Each T cell/ APC combination is incubated, in triplicate, with and without OVA 
peptide (range 10-200 ng/well) for 3-5 days. Approximately 18 hr before termination 
of the culture 0.4 uCi of 3 H-thymidine is added to each well. The wells are harvested 
using a Skatron cell harvester and 3 H-thymidine incorporation (a measure of DNA 
25 synthesis and, therefore, T cell proliferation) is determined using a LKB liquid 
scintillation spectrometer. 
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A positive response is evident if the wells containing peptide incorporate 
significantly more DNA than those without peptide. Typically mice are considered 
positive where proliferation (in mean cpm) in response to peptide is more than about 3 
standard deviations greater than the background proliferation without peptide. For 
each group, mean peptide specific proliferation is calculated by averaging values for 
each of the 3 mice. Suppression of immunization will typically be considered as 
having occurred when the experimental group mean is greater than about 3 standard 
deviations less than the positive control group mean. 

Referring to Table 2 below, groups 1 (uninjected) and 4 (injection of NSO 
alone) serve as negative controls and should not respond to in vitro challenge with 
peptide. Group 2 receives 2 injections of peptide, the classical immunization 
protocol, and should respond optimally to in vitro peptide presentation. Group 3 
receives one injection of peptide and can be expected to respond suboptimally in vitro. 
Group 5 receives NSO cells first and then peptide one week later. Injection of NSO 
cells should not interfere with priming by peptide, therefore results from this group 
should be similar to group 3 and serve as a negative control for tolerance induction 
(Group 7). Group 6 receives the cells expressing the fusion complex. Due to la£kof 
expression of co-stimulatory molecules necessary for stimulation of naive T cells, this 
group serves as a negative control for Group 7. No response from this group could 
potentially mean either "no response" or "specific unresponsiveness". Group 7, which 
receives an initial injection of NSO/IA d /OVA cells and then an injection of peptide, 
will differentiate between these two outcomes. A lack of response to in vitro 
challenge with peptide from this group will demonstrate the induction of specific 
unresponsiveness, or tolerance. 



TABLE 2 
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Group Number 


Injection #1 


Injection #2 


in vitro 
challenge 




(Day - 14) 


(Day - 7) 


(Day - 0) 


1 








(ne<* control-a) 






peptide 


2 


peptide (s.c.) 

XT a ^ / 


peptide (s.c.) 




fnos control-a) 






peptide 


3 




peptide (s.c.) 




fnos control-a) 






peptide 


4 


NSO (i.v.) 






fnei* control-b) 






peptide 


5 


NSO (i.v.) 


peptide (s.c.) 




^nr»c rontrol-c) 






peptide 


(neg control-c) 








6 


NSO/IA d /OVA 






(experimental) 


(i.v.) 




peptide 


(&neg cont-d) 








7 


NSO/IA d /OVA 


peptide (s.c.) 




(experimental) 


(i.v.) 




peptide 



Example 15 - T-cell activation after intramuscular (i.m.) injection of DNA 
coding for MHC fusion complex alone or in combination with DNA coding for 
costimulatory molecules. 

The skeletal muscle can play a role as an immunological microenvironment. 
Previous work has shown that foreign genes can be expressed in muscle cells [J. 
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Wolff et al.. Science, 247:1465 (1990)] and that an immune response is elicited 
against these antigens [J. Ulmer et al. , Science, 259:1745 (1993)]. It also has been 
reported that stimulation of cultured human muscle cells (myoblasts) with interferon^ 
(IFN-7) leads to the expression of MHC class II complexes on these cells [N. Goebels 
et al., J. Immunol., 149:661-667 (1992)]. 

Mouse muscle cells were injected with DNA coding for a specific murine OVA 
323-339/IA d MHCII fusion complex (pJRS165.1) and the costimulatory signal B7-1 
(pUB719) to aenerate local antigen presenting cells (APCs) that express the fusion 
complex containing the ovalbumin peptide 323-339. These APCs will eventually 
activate T-cells. As detailed below, DNA coding for an MHC fusion complex and co- 
stimulatory molecule was injected (i.m.) into BALB/c mice in order to elicit a specific 
T-cell proliferation response to the peptide encoded by the DNA (illustrated with 
pJRS165.1 andpUB719). 

Three groups of BALB/c mice (3 mice per group) were injected i.m. in both 
hind le* quadriceps with 50 M L sterile PBS containing the plasmids 1) pJRS165.1 
carrying the encoding region of the murine OVA 323-339/I-A* MHCII under the X 
control of the CMV promoter alone or 2) pJRS165.1 and pUB719 containing the 
coding region of the murine B7-1 gene under the control of the CMV promoter or 3) 
P UB719 alone. The mice were previously anesthetized. in a chamber saturated with 
Metophane® (Pitman-Moor, Mundelein, IL) according to the method disclosed in 
Example 6 above. 

Within every group, 3 mice were injected with 100/xg DNA in 100/xL PBS at 
week 0 and a boost injection with the same DNA was performed at week 3. Ten days 
after the last injection, the inguinal and paraaortic lymph nodes were collected. 
Lymph node cells were isolated and submitted to an OVA specific T-cell proliferation 
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assay as follows. The cells were washed 3 times in complete medium (RPMI-1640, 
10% FBS, 2mM L-glutamine, penicillin, streptomycin, and 5xl0 5 2-mercaptoethanol) 
and resuspended at 5x10* cells/mL. One hundred microliters of the cell suspension 
were added to wells of a 96-well round bottomed microtiter plate. Dilutions of the 
5 OVA (323-339) peptide were prepared ranging from 0.8 jig/mL to 10 jig/mL and 100 
M L/well was added to the cells in triplicate. Background proliferation was determined 
by omitting the peptide. The plates were incubated with 5% C0 2 at 37 °C, for 3-5 
days. Wells were pulsed with 0.4 jtCi of 3 H-thymidine for 18 hours prior to 
termination of cultures and harvested using a Skatron Cell Harvester. Incorporation 
10 of 3 H-thymidine into DNA as a measure of T-cell proliferation was determined using 

3 an LKB liquid scintillation spectrometer. The degree of peptide reactive T-cell 

1 proliferation was indicative of the T h -cell responses (i.e. of clonal expansion) that took 

P place in the mice following immunization. 

m 

* 15 The results of the proliferation assay are shown in Figure 22 of the Drawings. 

5 Specifically, injection of lOOjig DNA showed no significant OVA specific T-cell 

1 proliferation neither in the case of pJRS165.1 injection nor if pUB719 was coinjected. 

W These results indicate that in this case administering DNA coding for OVA 323- 

P 339/MCHII fusion complexes alone or in combination with costimulatory molecule 

20 DNA intramuscularly does not induce an immune response against the OVA peptide. 
The limited proliferative response observed at high doses of injected pJRS 165.1 DNA 
(i.e. 100/xg) may be the result of transforming intradermal dendritic cells (intradermal 
APCs) during the injection (see Example 16 below). 



25 



Example 16 - In vivo T cell activation after intradermal (i.d.) injection of 
DNA coding for MHC fusion complex. 
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Dendritic cells are professional, intradermal antigen presenting cells (APCs). 
The transformation of these cells (illustrated in this example) or other ceils (such as 
exemplified in Example 13 above) with specific MHC class II fusion complexes can 
induce a peptide specific T-cell response. These APCs already bear the costimulatory 
molecules (i.e. B7-1) which provide the second activation signal to T-cells. 

Two groups of BALB/c mice (9 mice per group) were injected i.d. on the 
shaved back with 100/zl PBS containing 10/zg of 1) pJRS165.1 carrying the encoding 
region of the murine OVA 323-339/I-A d MHC class II fusion gene under the control 
of the CMV promoter or 2) pABHl carrying the encoding region of the murine HEL 
74-86/I-A d MHCII fusion complex under the control of the CMV promoter as a 
control group. Four, 7 and 14 days after the injection the inguinal and paraaortic 
lymph nodes were collected. Lymph node cells were isolated and submitted to an 
OVA specific T-cell proliferation assay as follows. Cells were washed 3 times in 
complete medium (RPMI-1640, 10% FBS, 2mM L-glutamine, penicillin, 
streptomycin, and 5xl0' 5 M 2-mercaptoethanol) and resuspended at 5xl0 6 cells/mL. 
One hundred microliters of the cell suspension were added to wells of a 96-well round 
bottomed microtiter plate. Dilutions of the OVA (323-339) peptide were prepared^ 
ranging from 0.08 /ig/mL to 10 /ig/ml and 100 /iL/well was added to the cells in 
triplicate. Background proliferation was determined by omitting the peptide. Plates 
were incubated with 5% C0 2 at 37°C, for 3-5 days. Wells were pulsed with 0.4 fiCi 
of 3 H-thymidine for 18 hours prior to termination of cultures and harvested using a 
Skatron Cell Harvester. Incorporation of 3 H-thymidine into DNA as a measure of T- 
cell proliferation was determined using an LKB liquid scintillation spectrometer. The 
degree of peptide reactive T-cell proliferation was indicative of the T H -cell responses 
(i.e. of clonal expansion) that took place in the mice following immunization. 
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The results of the proliferation assays are shown in Figure 23 of the Drawings. 
No significant specific T-cell proliferation is detected (approx. 2,500 cpm) 4 days post 
injection either in pJRS 165.1 or pABHl injected mice. Seven days after the injection, 
lymph node cells from pJRS165.1 injected mice show a 12 times higher proliferation 
at a stimulating peptide concentration of 0.31/xg/mL compared to day 4. Higher 
peptide concentrations reduced the proliferative response to approx 15,000 cpm. 
Cells, however, from pABHl injected mice showed no significant increase in 
proliferation (approx. 7,000 cpm) at all 3 time points. The specific (OVA) 
proliferative response at 14 days post injection is 3 times lower than at day 7 
indicating that the maximal stimulation period has elapsed. These results indicated 
that intradermal APCs have been transformed with functional OVA 323-339/MHCII 
fusion complex and that OVA specific T-cells have been primed and expanded. 
Because of the absence of stimulus (HEL - peptide) the HEL specific T-cells 
(activated by pABHl transformed APCs) do not proliferate in the test. A lag period 
of 4 days is observed prior to any T-cell activation. 

Example 17 - Construction of vectors for expressing soluble and membrane- 
bound single-chain MHC class II molecules with specific presenting peptides. X 

The MHC class II genes used for these constructs were originally isolated by 
PCR amplification of cDNA generated from the appropriate APC as described in the 
above examples (see in particular Example 1 above). Fragments of the I-A d a and j8 
chain genes were generated by PCR amplification using cloned genes as template 
DNA and were assembled in the cloning scheme shown in Figure 25 of the Drawings 
resulting in a chimeric gene encoding the antigenic peptide, OVA 323-339, linked to a 
single-chain I-A d molecule. Briefly, the al -a2 gene fragment cloned into 39AD2 
served as the template for PCR amplification using primers JLA007 and JLA010 (all 
of the oligonucleotides used in cloning are listed in Figure 26 of the Drawings), 
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resulting in the addition of a 5' Xhol and a 3' Xmal restriction site. The a\-cc2 PCR 
product was digested with Xhol and Xmal, gel-purified and subcloned into the pLLlOl 
vector resulting in the pJA«9 construct. This vector adds sequence encoding a 6xHis 
tag to the end of the al-a2 protein to aid in protein to aid in protein purification. 

The strategy for isolating the I-A d 01-/32 gene fragment and attaching the linker 
sequence has been described in the above examples. The 10 aa linker-/3 1-/32 gene 
fragment in pBCl served as the template for PCR amplification using JLA005 and 
JLA009 primers to add Ncol and Spel restriction sites necessary for subsequent 
cloning. The PCR products were digested with Ncol/ Spel digested P JAa9 resulting in 
the P JAa9j320 construct. In order to generate a single chain class II molecule, it was 
determined by computer modeling of the HLA-DR1 crystal structure that a flexible 
linker could be inserted between the carboxyl terminus of the 02 domain and the 
amino terminus of the al domain. Based on that the distance between these residues 
was 47 angstroms, a 24 amino acid linker primarily comprised of the (GGGGS) motif 
repeated four times was modeled and used. To insert sequences encoding this flexible 
peptide between the cloned /3 and a chain gene fragments, oligonucleotides, JA301 
and JA302, were annealed and ligated into SpellXhol digested P JAa9/320. The ^ 
resulting construct was called pJALNK. pJALNK was digested with Nhel and £coRI 
and the jSljS2-ala2 single chain gene fragment was gel purified. This fragment was 
inserted into the pVW229 vector carrying the /3 chain leader sequence and the regions 
encoding the OVA 323-339 peptide as described in the above examples. The resulting 
construct SSC1 contains a chimeric gene encoding the /3 leader/OVA peptide/10 aa 
linker/0 1-/32/20 aa linker/a l-a2/6xHis tag. The sequence of this gene is shown in 
Figure 27 of the Drawings. 

To construct a vector for expression of soluble single-chain (sc) class II 
molecules in an insect cell expression system, the chimeric gene was removed from 
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SSCl by digestion with Ncol and EcM and gel purified. The fragment was Ugated 
into fl^fe***-* P 2Bac v*,or (In Vitrogen - pan number V1980-10) .0 

created pMBSCl .2. 

To aerate a vector capable of expressing membrane bound sc class II 
molecules to mammalian cells, the M-EcoU fragment of pJRS163-10 tot encodes 
<he « chain transmembrane (TM) domain was subcioned into *M*W W 
SSCI vector The resulting vector, SCTM1, was digested with Xmal and EcoRI and 
the sin-le-chah, I-A'-OVA cassette was inserted into the PEE13 mammahan 
expression vector, giving the SCT1 construct. The sequence of the chimeric gene ,s 
shown in Figure 28 of the Drawings. 

To generate a vector capable of expressing soluble sc-MHC molecules to 
aamau ceils, the ct chain template DNA was amplified by PGR from P JRS163- 0 
usin. primers JS305 and OPR142, thereby adding sequence encoding the EE annbody 
tag the 3' end of the gene fragment. The PGR product was digested wuh Bell and 
EcoRI and cloned into digested SSCl vector. The resulting vector, SCEE1, was 
digested win, Scfl-^RI and the single-chain I-A'-OVA cassette was inserted 
PEE13 mammalian expression vector, giving the SCE1 construct. The sequence of 
the chimeric gene is shown in Figure 29 of the Drawings. Samples of the above 

. ■ i He nMTttCl 2 SCT1 and SCE1 have been deposited with the 
single chain plasmids pMBbCi.z, ov,i 

American Type Culture Collection, Rockville, Maryland. 

- Production of soluble single chain MHC molecules (MHC II (I- 

A d ) in insect cells). 

The purified pMBSCl.2 plasmid was used in a correction and recombinant 
virus was enriched from wild type AcMNPV by limiting dilution (see D R. O'Reuly 



-100- 



et ah, Baculovirus Expression Vectors: A Laboratory Manual. WH Freeman & Co. 
New York (1992)). SF9 cells were used throughout. 

Supernatant from wells was tested by ELISA to identify virus producing 
recombinant product (sc I-A d -OVA). The ELISA assay involves coating 100 ngs of 
M5/114 (ATCC TIB 120) anti-IA d onto wells of 96 well microtiter plates in 50 
microliters of 0.1M carbonate buffer pH 8.2. Blocking was done with 200 /zl of PBS 
10% FBS (fetal bovine serum from Biowhittaker part number 14-901F) for at lease 1 
hour and plates were washed three times with 200 fils of wash buffer (PBS with 0.5 
ml Tween 20/1). Samples were added at 100 jd/well and incubated 15 minutes at - 
37°C. Plates were washed four times with 200 fxl wash buffer. Biotinylated AMS- 
32.1 anti-IA d (part number 06032D from Pharmingen) was added at lOOng/well in 100 
fil PBS 10% FBS. Following incubation for 15 minutes at 37°C, the plates were 
washed four times with wash buffer. Avidin peroxidase (Sigma) was added at 250 
ng/well in 100 /d/well PBS 10% FBS and incubated for 15 minutes at 37 °C. Plates 
were then washed eight times with 200 }i\ wash buffer and 100 /d of ABTS substrate 
(Kirkegaard and Perry part numbers 5060-00 or 50-60-01) was added per well. 
Absorbance was measured at 405nm. X 

The cotransfection mix supernatant was tested for I-A d reactivity by the above 
ELISA. Mean absorbance of duplicate wells are shown in Table 3 below. The 
specificity of the signal observed shown to be due to secretion of sc I-A d -OVA into 
culture supernatant by SF9 cells. 

Limiting dilution subcloning was done on the cotransfection mix by diluting 
virus in complete media (TNMFH part number 51942 from JRH Biosciences 
supplemented with 10% FBS) and incubating virus dilutions with 2 X 10 4 SF9 
cells/well in 96 well plates. Supernatant from wells that showed visible signs of 
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infection but no polyhedra were tested in the IA d ELISA. Clones C6 (1.557), and F8 
(1.446) are strongly positive. C 12 is clearly negative (0.124). 

Five hundred microliters of positive clone C6 was added to each of three one 
liter flasks containing SF9 cells at 1 X 10 6 cells/ml. Approximately 2200 mis of 
infection supernatant was used in the purification of sc I-A d -OVA as described in 
Example 19 below. The thus purified single chain MHC II complex was assayed for 
ability to modulate the activity of D011.10 T cell hybridoma as described in Example 
20 below. 



TABLE 3 

I-A d ELISA of insect cell culture supernatants from cotransfections 

Sam ple dilution Absorbance 
Undiluted 0.857 
1:2 0.524 
1: 4 0.305 

1:8 0- 165 X 

Negative controls including sample diluent (0.064) and supernatant from an 
infection done with a recombinant Baculovirus containing the gene for Neuron 
Specific Enolase (NSE) in SF9 cells showed negligible binding (.098). 

Example 19 - Purification of single chain MHC molecules (MHC II (I-Ad) 
expressed in insect cells). 

The following steps were carried out in the preparation of soluble single-chain 
I-A d -OVA from insect cell culture supernatants. 
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Ammonium Sulfate Fractionation: At 0-4°C, solid ammonium sulfate (0.436 
g/ml) was slowly added into insect cell culture medium (2200 ml) while stirring the 
sample. Following the addition of ammonium sulfate, stirring of the sample was 
continued for 30 minutes. The mixture was then centrifuged at 26000 g and 4°C for 
30 minutes, the supernatant discarded, and the pellet resuspended in 100 ml of 
phosphate-buffered saline (PBS). The resuspended sample was dialyzed against 4000 
ml of PBS at 4°C for about 20 hours, with one change of fresh PBS after first 4.5-5 
hours of dialysis. The volume of the dialyzed sample was measured and solid NaCl 
and 20% (v/v) Tween 20 was added to 0.5 NaOH, followed by filtration through a 
0.8 micron filter. 

Metal Chelate Affinity and Immunoaffinity Chromatography: All the following 
steps were done at room temperature. 

Ni-IDA Sepharose: The sample provided by the above fractionation step was 
loaded onto a Ni-IDA Sepharose Fast Flow column (2.6 x 7.2 cm, 38.0 ml) that had 
been equilibrated with at least 5 bed volumes of PBS, 0.5 M NaCl, 0.2% (v/v) Tween 
20, pH 8.0. The flow rate for loading sample was 3 ml/minute. Then the columrK 
was washed with at least 7-8 bed volumes of the above equilibration buffer, followed 
by 2.5-3 bed volumes of 20 mM Na 2 HP0 4 , pH 7.0, 0.2 M NaCl. The flow rate for 
washing was 5 ml/minute. I-A d protein was eluted with stepwise pH decreases 
effected by mixing different portions of Buffer A (20 mM Na,HP0 4 , pH 7.0, 0.2 M 
NaCl) and Buffer B (20 mM Na 2 HP0 4 , pH 3.0, 0.2 M NaCl) programmed in a FPLC 
controller. An ELISA assay using anti-I-A d monoclonal antibody (which recognize 
conformational epitopes of I-Ad molecules) indicated that I-Ad is present in fractions 
eluted by 90% and 100%. Buffer B. Those A 280nm peaks eluted by 90% and 100% 
Buffer B were pooled, immediately adjusting to pH 7.0 with 1 M Tris. The sample 
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was concentrated and buffer-exchanged into 20 mM Tris-HCl, pH 8.0 by 
ultrafiltration. 

Immunoaffinity Chromatography: The sample from the above step was first 
passed through a Protein A Sepharose Fast Flow column (1.6 x 5 cm, 10ml) and then 
applied onto a column (1.6 x 3.4 cm, 6.8 ml) of Protein A Sepharose Fast Flow 
crosslinked with MKD 6, an anti-I-A d monoclonal antibody. The two columns had 
been previously equilibrated with 20 mM Tris-HCl, pH 8.0. Following sample 
application, the immunoaffinity column was washed with 20 mM Tris-HCl, pH 8.0 
until A, 80nm baseline was reached. The antibody column was then washed with the 
same buffer containing 1 M NaCl as above to remove nonspecific bound proteins. 
The 1-A d protein was then eluted with 50 mM glycine-NaOH, pH 11.0. The eluted 
protein peak (monitored by A 280iun ) from the antibody column was immediately 
adjusted to pH 8.0 with 2M glycine, pH 2.0, concentrated and buffer-exchanged into 
20 mM Tris-HCl, pH 8.0 by ultrafiltration. The purified sample was stored at 4-8°C. 
The purity and functionality of I-A d sample were tested by sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis and T-cell activation assay (see below), 
respectively. Purified single-chain I-A d -OVA from this preparation showed no X 
contaminating bands on a Coommassie stained polyacrylamide gel and total protein 
was 125 jig/ml by total protein assay. 

Example 20 - Activity of single-chain MHC complexes. 

It was determined whether purified single-chain I-A d /OVA MHC complexes 
could activate the OVA- specific DO11.10 T cell hybridoma as measured by IL-2 and 
IL-4 production. This method involves coating single-chain I-a d /OVA onto 
IMMULON II plates (Dynatech) in PBS overnight at 4°C. Wells were emptied, 
washed once with PBS and 1 x 10 3 DO11.10 cells were added per well in 200 /xl 
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RPMI 10% FBS. Following incubation overnight at 37°C in a humid incubator with 
10% C0 2 , culture supernatants were harvested, cells were removed by centrifugation 
and IL-2 and IL-4 levels were determined by ELISA as follows. 

The rat anti-mouse IL-2 ELISA capture antibody (Pharmingen part number 
18161D) was coated at 100 ng/well in 50 /xl 0.1M carbonate pH 8.2. Blocking was 
done with 200 fxl of PBS 10% FBS for at least 1 hour and the plates were washed 
three times with 200 /xl of wash buffer (PBS with 0.5 ml Tween 20 per 1). Samples 
were added at 100 ^I/well and incubated for 4 hours at room temperature or overnight 
at 4°C. Plates were washed four times with 200 fil wash buffer and biotinylated rat 
anti-mouse IL-2 (Pharmingen) was added at 100 ng/well in 100 fil PBS 10% FBS. 
Following incubation for 45 minutes at room temperature, the plates were washed four 
times with wash buffer. Avidin peroxidase (Sigma part number A-3151) was added at 
250 ng/well in 100 /il/well PBS 10% FBS and incubated for 30 minutes at room 
temperature. Plates were then washed eight times with 200 fil wash buffer and 100 ^1 
of ABTS substrate (Kirkegaard and Perry part number 5060-00 or 50-66-01) was 
added per well. Absorbance was measured at 405 nm. The IL-4 ELISA protocol was 
identical except for the use of IL-4 specific capture and probe antibodies ^ 
(Pharmingen). The results of one activation assay is shown in Table 4 below. 
Neither Dill. 10 cells alone nor DO11.10 + A20 (I-A d positive) cells secreted any IL- 
2 or 11-4. The sc I-A d -OVA resulted in the secretion of IL-2 and IL-4 by the 
DO11.10 T cell hybridoma. A second activation was done with lower doses of 
immobilized sc I-A d -OVA. Secretion levels of IL-2 and IL-4 both titered down to 
zero, as shown in Table 5 below. In both experiments, IL-2 and IL-4 were secreted 
by DO11.10 cells in a dose dependent manner with regard to exposure to immobilized 
sc I-A d -OVA. 

Table 4 

DO11.10 activation assay using immobilized purified sc I-A d -OVA 
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sc IA d -OVA IL-2 concentration IL-4 concentration 

fne/wein in DO 11 super (U/ml) in D011.super(U/ml) 

2500 I 43 23 

1250 126 20 

625 116 15 

312 109 16 

156 100 10 

78 45 7 

0 (DO11.10 only) 0 0 



Table 5 

DO 11. 10 activation assay using immobilized purified sc I-A d -OVA-extended 
dilution 

scIA d -OVA IL-2 concentration 

(ng/well) in DO 11 super (U/ml) 

625 38 
312 35 
156 24 
78 17 
39 0 
0 (DO 11. 10 only) 0 

Example 21 - Production of single-chain MHC molecules (class II) in 
mammalian cells. 

Transfection and selection of mammalian cell lines was carried out as follows: 
lxlO 7 NSO cells were washed twice in ice cold PBS, resuspended in 760 jil of cold 
PBS, and mixed with 40 pg (1 Mg^O of San linearized plasmic SCE1 or SCT1 DNA. 



IL-r concentration 
in DO 11 super (U/mD 
2.0 X 
1.5 
0.9 
0.8 
0 
0 
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After 5 minutes incubation on ice, the cells were electroporated using a Gene Pulser 
(Biorad) to deliver one pulse of 250 volts, 960 /zFd. The pulsed cells were placed on 
ice for 2-5 minutes and added to 30 ml of non-selective medium (IMDM, 10% FBS, 
2mM glutamine, 5000 units/ml penicillin, 5000 /ig/ml streptomycin). Cells were 
5 plated in 96- well flat bottom tissue culture plates and 24 h later, 150 pi of selective 
medium (IMDM, 10% dialyzed FBS, 5000 units/ml penicillin, 5000 jig/ml 
streptomycin, Ix nucleosides, lx glutamate + asparagine) was added to each well. 
The plates were fed with selective medium on a weekly basis by removing 100 /xl/well 
used medium and adding 100 /il/well of fresh selective medium, allowing the cells to 

10 gradually deplete the medium of all residual glutamine. The glutamine synthetase 
gene carried on the SCE1 and SCT1 plasmids allows selective growth of the 
transfected cells in glutamine-free media. Colonies of the cells transfected with the 
plasmic became evident after 14-21 days. The transfectants carrying the SCT1 vector 
(i.e. membrane-bound form of the sc I-A d -OVA molecules) were expanded and 

15 screened for expression of the MHC molecules by flow cytometry as described below. 

Clones generated from the transfection/selection protocol were analyzed for 
surface expression of class II MHC molecules at levels significantly higher than^the 
parental cell line. The cells were incubated with FITC-conjugated anti-I-A d antibody, 

20 AMS 32.1 (PharMingen, 1:100 dilution) in cold staining buffer (PBS, 1% FCS) for 
45 minutes in the dark. After washing thtee times in staining buffer, fluorescence 
was examined of a FACScan flow cytometer (Beckton Dickinson). An isotype 
matched FITC-conjugated anti-I-A k antibody, 10-3.6 (PharMingen, 1:100 dilution) was 
used as a negative control. The results of such an assay, shown in Table 6 below for 

25 three independent SCT1 transfected cell lines, indicate that the transfected cells 
express the sc I-A d -OVA on their cell surface. 
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The transfectants carrying the SCE1 vector (i.e. soluble form of the sc I-A d 
OVA molecules) were expanded and screened for expression and secretion of the 
MHC molecules by the I-Ad specific ELISA assays described in Example 18 above. 
The results of such an assay of the culture supernatant from two SCE1 transfected ceil 
lines are shown in Table 7 below. These results indicate that the transfected cells 
produce and secrete the sc I-A d - OVA molecule. This system could be used to 
generate large amounts of soluble peptide-linked single-chain MHC molecules. 



TABLE 6 

Surface expression of I-A d molecules on transfected cell lines 



Mean Fluorescence X 

Cell line I-A d -specific I-A k -snecific 

NSO (parental) 280.4 32.1 

T2 (SCTl-transfectant) 612.8 22.0 

T6 (SCTl-transfectant) * 417.9 45.1 

T12 (SCTl-transfectant) 911.1 45.9 



TABLE 7 



I-A d ELISA assay on SCE1 transfectant cell culture supernatants 



Culture Supernatant 
(undiluted) 



Absorbance 
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NSO (parental cell line) 
E10 (SCE1 transfectant) 
Ell (SCE1 transfectant) 



0.444 
0.781 
0.960 
2.44 



sc I-A d -OVA from insect cell 
' culture (positive control) 



Example 22 - Activity of the single-chain I-A d molecules expressed on 
mammalian cells. 

Stimulation of IL-2 release from the OVA 323-339 specific I-A d restricted 
DO11.10 T cell hybridoma was carried out as described in Example 20 above. 
Briefly, lxlO 5 SCT1 transfectant cells or A20.ll were incubated together with 
(varying amounts) OVA peptide and 2x10 s /well DO11.10 cells at 37°C in an 
atmosphere of 5% C0 2 . Cultures were carried out in complete medium (RPMI 1640 
supplemented with 10% FBS, penicillin/streptomycin, L-glutamine and SO^iM 2- 
mercaptoethanol) in 96 well flat bottom microtiter plates. After 24 hours, culture 
supernatants were assayed for the presence of DO 11. 10 derived IL-2 using the IL-2 
ELISA assay described in Example 20 above or by measuring the growth of the IL-2 
dependent murine T-cell line CTLL-2. In the latter test, serial twofold dilutions 
each culture supernatant were prepared in complete medium in flat bottomed 
microtiter plates and lxlO 4 CTLL-2 cells were added to each well. A standard curve 
of (amounts).rIL-2 was run in parallel. After 16 to 20 h, MTT (2 mg/ml, 27 /il/well) 
was added and the plates incubated for 4 h. At this time, blue crystals formed by 
MTT in actively metabolizing cells were dissolved by addition of 150 ii\ of 0.4 N HC1 
in isopropanol. After mixing, the O.D. at 562 was determined using a Ceres- 
UV900HI plate reader. The absorbance corresponds to the level of CTLL cell growth 
supported by the IL-2 in the culture media. 

The results of two such activation assay are shown in Tables 8 and 9 below. 
Similar results were obtained using the CTLL assay. 
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TABLE 8 

DO11.10 T cell hybridoma activation by SCT1 transfected cell lines 
Antigen presenting 

_^_aiayed_ f Absorbance) , 

NSO (parental cell line) 
T2 (SCT1 transfectant) 
T6 (SCT1 transfectant) 
A20+OVA 323-339 peptide 
(positive control) 



TABLE 9 

DOU.10 T ceU hybridoma activation by SCT1 transfected T12 cells 

Antigen presenting ^ ^ . .. 

~n assayed - (Ahsoibance) N 

NSO (parental cell line) 0 
T12 (SCT1 transfectant) 

A20+OVA 323-339 peptide !•« 
(positive control) 

Exainple23 - Immunosuppression methods using soluble peptide- linked single- 
chain MHC class II molecules. 

To test whether the soluble peptide-linked single-chain class II molecules can 
induce T H cell anergy in an animal model system, the effects of the molecules on T H 
cell-dependent immunoglobulin class switching (i.e. IgM to IgG) and on clonal 
expansion of peptide-specific T cell lines can be examined. 
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In order to examine Ig class switching, two test groups are set up as follows: 
(a) 10 BALB/c mice are injected with 100 iig of OVA 323-339 in Complete Freund's 
adjuvant H37Ra at the base of the tail and boosted again 7 days later, in order to 
induce an immune response to the OVA 323-339 peptide. On the day before the day 
of each immunization with OVA, 5 of the mice are injected IV with 10-100 of the 
soluble single-chain I-A d OVA in PBS. This soluble fusion protein will bind to the T 
cell receptor (TCR) displayed on the OVA 323-339 specific THE cells. Due to the 
absence of the co-stimulatory signal, these T H cells are induced to a state of anergy. 
Since the immunoglobulin class switching is a T H cell dependent process, it is 
expected that the induction of anti-OVA 323-339 IgG antibody will be reduced in the 
single-chain I-A d -OVA treated mice. The remaining 5 mice serve as control and 
receive PBS. 

Ten days after the second immunization, blood is collected from each mouse 
by tail bleeding. The blood is centrifuged at approximately 14,000 G for 3-5 minutes 
and the serum collected. Assays are performed in 96- well microtiter plates (Maxisorp 
F8; Nunc, Inc.) coated at 1-50 /xg/ml with ovalbumin using a Tris-HCl coating buffer, 
pH 8.5. The plates are covered with pressure sensitive film (Falcon, Becton N 
Dickinson, Oxnard, CA) and incubated overnight at 4°C. Plates are then washed with 
Wash solution (Imidazole/NaCl/0.4% Tween-20) and blocked by adding 100 ^1/well 
of a 3 % BSA solution. Following incubation on a plate rotator at room temperature 
for 30 minutes, the plates are washed five times with Wash solution. Mouse sera is 
diluted 1:500 in sample/conjugate diluent (2% gelatin + 0.1% Tween-20 in TBS) and 
then, in duplicate, serially diluted on the plate. Two identical plates are set up for 
each coating protein, one for determination of IgM titer and the other for IgG. 
Following incubation at room temperature for 30 minutes, the plates are washed five 
times with Wash solution. Goat anti mouse IgM-HRP and goat anti mouse IgG-HRP 
conjugates (Boehringer Mannheim, Indianapolis, IN, 1:100 dilution in 
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Sample/conjugate diluent) are added to the appropriate plates. Following incubation at 
room temperature for 30 minutes, the plates are washed five times with -Wash solution 
and then incubated with 100 ftl/well of ABTS developing substrate (Kirkgaard & 
Perry Laboratories, Inc., Gaithersburg, MD) for 10 minutes at room temperature. 
The reactions are stopped with 100 /il/well of Quench buffer (Kirkgaard & Perry 
laboratories, Inc., Gaithersburg, MD) and the absorbance values are read at 405 nm 
using an automated microtiter plate ELISA reader (Ceres UV900HI, Bioteck, 
Winooski, Vermont). The titer is determined by plotting the absorbance reading 
versus the log of the dilutions of the samples. The titers for IgM is versus are then 
compared. As detailed above, soluble peptide-linked single-chain MHC class II 
molecules are expected to inhibit the IgG class switching in a peptide specific manner 
due to the anergy induced in the corresponding peptide-reactive T H cells. 

The effects of soluble peptide-linked single-chain MHC molecules on clonal 
expansion of peptide-specific T cell lines in vivo can be examined as follows. 
Treatment groups (4 mice per group) are suitably the same as described above. The 
immunization protocol is suitably as follows: mice are injected IV with 10-100 /zg of 
the soluble single-chain I-A d -OVA fusion protein in PBS and 24 hours later injected 
subcutaneously at the base of the tail with 50/xg of OVA 323-339 in complete Freunds 
Adjuvant H37Ra. These two injections are repeated 6 and 7 days later. Seven days 
after completion of the second set of injections, the mice are sacrificed. The inguinal 
and paraaortic lymph nodes are removed and rendered into a single cell suspension. 

The suspension is depleted of antigen presenting cells by incubation on nylon 
wool and Sephadex G-10 columns, and the resulting purified T cell populations 
incubated with APCs pulsed with the OVA 323-339 peptide. Spleenic B cells serve as 
antigen presenting cells. These cells are fixed with mitomycin C (50 to 100 Mg/nil in 
a suspension of 4 x 10 6 spleenocytes/ml) to inhibit proliferation of the B cells, washed 



extensively and added to purified T cells with various concentrations of the OVA 323- 
339 peptide. The proliferation assay is carried out in 96 well round bottom microtiter 
plates at 37°C, 5% CO : for 3-5 days. Wells are pulsed with IfxCi of 3 H-thymidine 18 
hrs prior to termination of cultures and harvested using a Skatron cell harvester. 
Incorporation of 3 H-thymidine into DNA as a measure of T cell proliferation is 
determined using an LKB liquid scintillation spectrometer. The degree of peptide- 
reactive T cell proliferation is indicative of the T H cell responses (i.e. of clonal 
expansion) that took place in the mice following immunization. 

Example 24 - Immunosuppressive approach by DNA inoculation with vectors 
expressing peptide-linked single-chain MHC molecules. 

An example of a model system for testing the effects of the DNA inoculation 
approach (particularly intramuscular or intradermal) is outlined as follows. Three 
groups of BALB/c mice are injected intramuscular (IM) in both hind legs with 100 fig 
of: (1) SCE1, (b) SCT1, or (c) saline. Injections will be given at 0, 2, and 4 weeks. 
At 4 and 5 weeks after the initial DNA injection, OVA peptide 323-339 (lOO^g/mouse 
in complete Freunds H37Ra adjuvant) is injected subcutaneous ly at the base of tH^v 
tail. Two weeks later (week 8), blood is collected from each mouse by tail bleeding 
and serum obtained following centrifugation at approximately 14,000 G for 3-5 
minutes. Titers of OVA-specific IgG and IgM antibodies is determined as described 
above. The degree of OVA-specific IgG antibody is indicative of the T H cell directed 
immunoglobulin class switching that took place in the mice following immunization 
with the peptide. Therefore, DNA inoculation with the peptide-linked single-chain 
MHC expression vectors may cause a reduction in the level of peptide-specific IgG 
antibodies without effecting IgM antibody levels. 
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An alternative assay is to measure OVA-specific T H cell clonal expansion or 
proliferation. Briefly, a cell suspension will be prepared from. the inguinal and 
paraaortic lymph notes 7 days after the second OVA immunization. The suspension is 
depleted of antigen presenting cells by incubation on nylon wool and Sephadex G-10 
5 columns, and the resulting purified T cell populations incubated with APCs pulsed 
with the OVA 323-339 peptide. Spleenic B cells serve as antigen presenting cells. 
These cells are fixed with mitomycin C (50 to 100 /ig/ml in a suspension of 4 x 10 6 
spleenocytes/ml) to inhibit proliferation of the B cells, washed extensively and added 
to purified T cells with various concentrations of the OVA 323-339 peptide. The 
10 OVA-specific T cell proliferation assay is carried out as described above. The degree 
of peptide-reactive T cell proliferation is indicative of the T H cell responses (i.e. of 
clonal expansion) that took place in the mice following immunization with the peptide. 
Therefore, DNA inoculation with the peptide-linked single-chain MHC expression 
vectors may cause a reduction in the level of peptide-specific T H cell proliferation. 



Example 25 - Construction and cell surface expression of a single-chain class II 
n MHC molecule with one TM domain (sc-IA d /OVA) 

□ 

M, In accordance with the above-described methods, the sc-IA d /OVA fusion 

20 molecule (Figure 30) was made by the following method:. 

Reverse transcriptase-polymerase chain reactions (RT-PCRs) were carried out 
to amplify IA d a and |3 chain gene fragments from total RNA isolated from A20-l.ll 
cells [K. Kim et al., J. Immunol., 122:546 (1979)]. Suitable restriction enzyirie sites 
25 were introduced at the each end of the gene fragments by PCR in order to facilitate 
cloning. DNA sequence encoding a 10 amino acid peptide linker was introduced into 
the 5' end of the 01-J32 gene fragment and the Kozak consensus sequence was 
introduced at the 5' end of the jS signal sequences by PCR. The regions encoding the 
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24 amino acid linker and OVA antigenic peptide were generated from annealed 
oligonucleotides. Assembly of the PCR fragments and double-strand oligonucleotides 
in the pBlueScript-II vector (Stratagene) generated the sc-IA d fusion gene (see Figure 
30). For mammalian expression, the pSCTl vector was generated by subcloning the 
sc/IA d OVA gene (including the a chain TM and cytoplasmic regions) downstream of 
the CMV promoter of pEE13 (Cell Tech). The pEE13 vector also carries a selectable 
glutamate synthetase gene. To make soluble SC-IA d molecules, truncated sc-IA d 
constructs were made by replacing a chain TM and cytoplasmic regions (i.e., amino 
acids 183 to 233 inclusive) with an amino acid sequence encoding six consecutive 
histidines. These constructs were subcloned downstream of the baculovirus 
polyhedron promoter of pBluebac III (Invitrogen). The fusion genes were recombined 
into baculovirus following liposome-mediated cotransfection of SF9 insect cells with 
linearized wild-type AcMN-PV (Invitrogen). After cloning, purified recombinant 
virus stocks were prepared according to standard methods. 

It is readily apparent that other antigenic peptides can be used as the covalently 
linked presenting peptide. For example, the HSV-1 gD peptide was used to create the 
sc-IA d /gD fusion molecule by substituting the OVA 323-339 peptide coding sequence 
with the gD peptide coding sequence, infra. Preferably, the presenting peptide 
contains from about 6 to 30 amino acids (inclusive). For any single chain MHC 
fusion complex with a covalently linked presenting peptide, T cell activation assays, 
as described herein, can be used to determine whether the presenting peptide folds 
appropriately into the peptide binding groove or cleft of the complex. 

The sc-IA d /OVA fusion molecule was tested for cell surface expression by the 
following method: Plasmacytoma NS-0 cells transfected with an expression vector 
carrying the sc-IA d /OVA fusion gene were selected and surface expression of class II 
molecules was examined by flow cytometry. The NS-0 cells were transfected by 
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electroporation with linearized pSCTl DNA carrying the sc-IA d /OVA fusion gene. 
The cells were selected by growth in glutamine-free medium. Transfectants (i.e. T12 
cells) became evident after 14-21 days and were analyzed for surface expression of 
class n MHC molecules. The cells were stained with FITC-conjugated anti-LVmAb 
(AMS-32.1 PharMingen) and fluorescence was examined by flow cytometry. An 
isotype matched FITC-conjugated anti-IA k mAb (10-3.6; PharMingen) was used as a 
negative control. 

Figure 31 A show the cell surface expression of a functional single-chain fusion 
molecule. Stable transfectants were analyzed by flow cytometry using-IA d and anti- 
IA k mAbs. Results shown for the T12 transfectant are similar to those seen for three 
other independent transfectants (m.f.i. = mean fluorescence intensity). The results 
demonstrate an increase in sc-IA d /OVA expression on the surface of cells transfected 
with the sc-IA d /OV A' expression vector. An intact j3 TM domain is not required for 
cell surface expression of class H molecules; a flexible linker connecting the 0 and a 
chains can replace the function of the jS TM domain. Finally, the results also 
demonstrate that covalently linking the presenting peptide to a single chain MHC class 
H molecule facilitates stable assembly and surface expression of the MHC molecule. 
Linking the presenting peptide to the (3 chain will also allow stable assembly and cell 
surface expression of a single chain MHC fusion molecule. 

Example 26 - A cell surface sc-IA d /OVA fusion complex induces a T cell 
response in vitro. 

To check whether the OVA peptide folded properly into the sc-IA d fusion 
complex, sc-IA d /OVA transfected cells were assayed for their ability to stimulate T 
cells. A murine T cell hybridoma (DO11.10) that expresses a T cell receptor (TCR) 
was used. The TCR recognizes the OVA 323-339 peptide in the context of IA d . 
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When the TCRs of these cells interact with the APCs (here, sc-IA d /OVA transfectants) 
the DO11.10 cells secrete interleukin-2 (IL-2). DO11.10 cells (2xl0 5 /well) were 
cultured in the presence of NS-0 cells of the T12 transfectants (lxltf/well) for 24 
hours and IL-2 released into the culture medium was determined by an IL-2-specific 
ELISA (PharMingen). The murine IA d -bearing B cell lymphoma, A20-1. 1 1 
(lxlOVwell) was pulsed with 20mM OVA 323-339 served as a positive control for 
antigen presentation [K. Kim et al., J. Immunol., 122:549 (1979)]. No IL-2 was 
detected in the culture medium of T12 cells alone. Results were similar to those 
observed for two other sc-IA d /OVA transfectants. As shown in Figure 3 IB, NS-0 
cells (untransfected) failed to stimulate DO11.10 cells, whereas cells transfected with 
the sc-IA d /OVA fusion gene strongly stimulated the release of IL-2 from DO11.10 
cells. The extent of IL-2 secretion was comparable to those seen for IA d -bearing 
APCs pulsed with OVA peptide. The results demonstrate that the OVA peptide folds 
properly within the sc-IA d fusion complex and that the folded OVA peptide in the 
context of IA d is recognized by the TCR on the surface of DO 11. 10 cells. 

Example 27 - Soluble sc-IA d /peptide fusion molecules induce a T cell response 

""X 

in vitro. 

Soluble IA d heterodimers have been reported to be unstable (Kozono, H. et al. 
Nature 369, 151 (1994)). The results below show that the IA d molecule is stabilized 
by combining the dimers into a single chain. Stabilization of other MHC molecules 
(e.g., MHC class I, IE, DQ, DP or DR molecules) can also be achieved by 
combining the dimers, or fragments thereof, into a single chain molecule. 

To demonstrate the stability of the single chain IA d MHC molecule, and to 
show that the OVA peptide could be replaced by other peptides, a baculovirus-insect 
cell system was used to produce a soluble sc-IA d /peptide molecule. The chimeric 
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genes which were made were generally the same as Figure 30, except for the 
presenting peptide. For example, the chimeric genes included either a covalently 
linked OVA 323-339 peptide (sc-IVA d /OVA), a peptide (gD 246-261) 
[APYSTLLPPELSETP] (SEQ ID NO: 124) [S. Grammer et al., J. Immunol., 
145:2249 (1990)] from HSV-1 glycoprotein D (sc-IA d /gD) or no peptide (sc- 
IA d /blank>. In each case, the TM and cytoplasmic domains of the a. chain gene were 
substituted with a sequence encoding a histidine tail (6X His) to allow soluble 
expression. Recombinant baculoviruses carrying the sc-IA d fusion genes were 
generated by standard procedures and then used to infect SF9 insect cells. The 
infected cells secreted soluble sc-IA^fusion molecules; these could be detected in the 
culture media by an IA d - specific enzyme-linked immunosorbent assay (ELISA). The 
sc-IA d fusion molecules were then purified by immunoaffmity chromatography. 

The protocol used to transfect the insect cells and purify sc-IA d fusion 
molecules was as follows: SF9 cells (lxlO 6 cells/ml) in Hink's TMN-FH insect media 
plus 10% fetal bovine serum were infected at a multiplicity of infection of 10 with 
baculovirus carrying the sc-IA d genes. After 5 days, the culture supernatant was 
collected, adjusted to pH 8.0 with 1M Tris and passed over a protein A Sepharost; 
column. Unbound material was then applied to an MK-D6 mAb protein A Sepharose 
column. The column was washed with 20 mM Tris-HCl, pH 8.0 and 1 M NaCl, 20 
mM Tris-HCl, pH 8.0, The sc-IA d fusion protein was eluted with 50 mM glycine- 
HC1, pH 11.0 and immediately neutralized to pH 8.0. The eluted protein was 
concentrated and exchanged into 20 mM Tris-HCl, pH 8.0 using Centricon 30. The 
sc-IA d molecules were detected by a sensitive IA d conformation-specific ELISA using 
M5/114 as the capture mAb and biotin-conjugated AMS-32.1 (PharMingen) as the 
probe mAb, Other mAbs (34-5-4,39-10-8) used to probe the sc-IA d proteins were 
obtained from PharMingen. Covalently linked OVA peptide was detected using 
polyclonal antisera from mice injected twice with 100 n% of OVA 323-339 in 
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complete Freund's adjuvant H37Ra). For a detailed protocol on how to prepare 
polyclonal antisera, see Ausbel, supra. Generally, the purification procedure yielded 
200-300 ng of sc-IA d /peptide per liter of medium. 

Figure 32 shows that the insect cells produced soluble single chain MHC class 
II molecules. SDS-polyacrylamide gel electrophoresis (SDS-PAGE) of the affinity 
column eluate showed a single major band of approximately 50 kDa (Figure 32, lanes 
2 and 3). Soluble sc-IA d /OVA (lanes 3, 5) and sc-IA d /blank (lanes 2 and 4) protein 
were expressed by baculovirus-infected SF9 cells and purified by immunoaffinity 
chromatography using immobilized ihti-IA d MK-D6 mAbs. The samples were 
analyzed with 12% SDS-PAGE gel and stained with Coomassie Blue (lanes 1-3). 
Molecular weight standards (lane 1) are indicated. The sc-IA d proteins were also 
transferred to nylon membrane and probed with mouse anti-sera specific to the OVA 
323-339 peptide (Western blot, lanes 4 and 5). Covalently linked OVA peptide was 
detected using polyclonal antisera from the mice injected OVA 323-339 in Complete 
Freund's adjuvant H37Ra. 

The sc/IA d were glycosylated and showed differences in mass due to the linked 
peptide. Western blot analysis confirmed the presence of the OVA 323-339 peptide in 
the sc-IA d /OVA samples (Figire 32, lane 5). Both the purified sc-IA d /OVA and the 
sc-IA d /blank proteins were also recognized by monoclonal antibodies (mAbs) (MK- 
D6, M5/114, AM5-32.1, 39-10-8, and 34-5-4). These mAbs recognize epitopes on 
native IA d . 

Figure 33 shows that the sc-IA d /OVA molecule induced a dose-dependent 
release of IL-2 from D11.10 cells, confirming the functionality of the baculovirus 
produced molecules. D11.10 cells also produce IL-4 when stimulated by the sc- 
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IA d /OVA molecule. Figure 33 also shows that DO11.10 cells did not respond to sc- 
IA d /blank molecules. 

It will be apparent that a single chain MHC fusion molecule can bear a 
covalently linked presenting peptide other than OVA 323-339. The choice of cells to 
be used to check for proper folding of the peptide within the fusion molecule will be 
guided by the particular presenting peptide employed. For example, the T cell 
hybridoma cell line GD12 recognizes the gD 246-261 peptide in the context of the IA 
molecule [see, e.g., S. Grammer et al., J. Immunol., 145:2249 (1990)]. 



As an example, GD12 cells were used to demonstrate that the gD peptide 
folded properly in the sc-IA d fusion complex and that the sc-IA d /gD molecule activated 
T cells. The T cell hybridoma GD12 responded well to immobilized sc-IA d /gD but 
not to sc-IA d /OVA (Figure 34A). Conversely, the DO 11. 10 cell line responded well 
with the sc-IA d /OVA peptide, but not with sc-IA d /gD (Figure 34B). In these 
experiments, GD12 (specific to gD 246-261 and IA d ) or DO11.10 cells, were each 
added individually at 1x10 s to wells coated with sc-IA d /gD or sc/IA d /OVA. The N 
plates were incubated overnight and the amount of supernatant IL-2 was determined 
by ELISA. 

F.xample 28 - Construction and use of empty sc-IA d fusion complexes. 

It was found that the sc-IA d /blank molecule could be loaded with the OVA 
323-339 presenting peptide. As shown in Figure 34C, the loaded fusion molecule 
unexpectedly activated D011.10 cells to a greater extent than the sc-IA d /OVA fusion 
molecule. Figure 34C is explained as follows: 



Figure 34C. Immobilized sc-IA%lank protein (500 ng/well) was incubated for 
20 hours at 37°C in the absence (left bar) or presence (middle bar) of a 50 molar 
excess of OVA 323-339 peptide in citrate buffer, pH 5.0. Immobilized sc-IA</OVA 
protein (500 ng/well) was incubated without peptide to determine the effects of the 
binding conditions on antigen presentation (right bar). After removal of unbound 
peptide all the sc-IA" molecules were tested for their ability to activate DOl 1.10 



cells. 



It wUl be apparent that other soluble empty single chain MHC class II 
complexes of the invention can effectively modulate immune system responses, e.g. . 
T cell induction and cytokine release. For example, DNA encoding a soluble 
MHC/Ig molecule (Examp.e 4) can be made, via standard methods, without the Imked 
OVA peptide to produce DNA encoding the corresponding empty MHC/Ig molecule. 
The empty molecule can be suitably expressed and loaded with a presenting pepfde. 
eg an OVA peptide described herein. The ability of the loaded soluble MHC/Ig 
molecule to induce T cells can be observed in T cell activation assays described 
herein. 

E^r^J^- Soluble sc-IA d /peptide fusion complexes activate T ceils and 
induce apoptosis. 

D01 1 10 cells were used to test the ability of soluble sc-IA' fusion molecules 
,o induce T cell apoptosis. After an overnight incubation with the soluble sc-IA'/OVA 
molecule described above, DO11.10 cells showed marked changes in cell morphology, 
indudin* nuclear condensation, the appearance of apop.otic bodies and degradatton of 
the DNA into oligonucleosotnal bands (Figure 35, lane 4). These changes are 
characteristic of apoptosis [P. Walker e, a.., BioTecHni q ues, 15:1032 (1993,,. Similar 
effects were observed in cells incubated with anti-TCR and an,i-CD3 mAbs. whereas 
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no changes in cell morphology or DNA degradation were observed in the cell 
incubated with immobilzed sc-IA d /blank (compare lanes 3 and 5 of Figure 35). 

Figure 35 is explained as follows: DO11.10 cells were incubated in untreated 
wells or in wells coated with 100 ng/well anti-TCR mAb (H57-597, PharMingen), or 
250 ng/well sc-IA d molecules. After 24 hours, the cells (1.2xl0 6 /sample) were 
harvested and Triton X-100 soluble/ DNA was isolated [P. Walker et al.. Bio 
Techniques, 15:1032 (1993)]. Samples were analyzed by 2% agarose gel 
electrophoresis and stained with ethidium bromide to detect chromosomal DNA 
laddering. Lane 2 is from untreated^DOll.10 cells. Lanes 1 and 6 show DNA 
molecular weight markers. 

Example 30 - Soluble sc-IA d MHC fusion molecules suppress T cell expansion 
in vivo. 

At least two signals are needed for the activation of T cells, e.g., as in the 
proliferation of T cells. A single signal delivered to the T cell via the TCR and MHC 
class n/peptide fusion complex will kill or anergize the T cells. It was found thai 
soluble sc-IA d /OVA fusion molecules selectively kill antigen specific T cells in vivo in 
the absence of added co-stimulatory signals. These results indicate that single chain 
MHC molecules, particularly single chain MHC class II molecules, are well suited for 
suppressing immune system function in vivo. The results also indicate that immune 
system function can be induced when a single chain MHC molecule is co-expressed in 
cells with a co-stimulatory signal or, alternatively, when a single chain MHC 
molecule is expressed in cells where a suitable co-stimulatory signal already exists in 
the cells. 
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To suppress the clonal expansion of T cells in vivo, we used the mammalian 
expression vector pEE13 which can be modified to carry the sc-IA d /OVA fusion gene 
by standard methods. Transcription of the sc-IA d /OVA gene was driven by the CMV 
promoter of the expression vector. BALB/c mice were injected with 100 fig of 
plasmid DNA (1 mg/ml in PBS) intramuscularly (IM) in the hind legs. Injections 
were repeated two more times 14 and 28 days later. A control group was injected IM 
with saline on week 0 and 100 ng of a plasmid encoding sc-IA d /blank on weeks 2 and 
4. 

Both groups were then injected subcutaneously at the base of the tail with OVA 
323-339 peptide (100 /^g/mouse in complete Freunds H37Ra adjuvant) at 23 and 30 
days after the final DNA inoculation. One week later, the mice were killed and the 
inguinal and paraaortic lymph nodes collected. A lymph node cell suspension was 
prepared and depleted of antigen presenting cells by incubation on nylon wool and 
Sephadex G-10 columns, and the resulting purified T cell populations were incubated 
with APCs pulsed with the OVA 323-339 peptide. Splenic B cells from a BALB/c 
mouse served as APCs. These cells were fixed with mitomycin C (50 to 100 jig/ml in 
s suspension of 4xl0 6 spleenocytes/ml) to inhibit proliferation of the B cells, washed 
extensively and added to purified T cells (2X10 5 cells/well) at 2x10 s cells/well with the 
OVA 323-339 peptide (0 to 50 /xg/well). The cells were allowed to proliferate in 96 
well round bottom microliter plates at 37C, 5% CO, for 4 days. At this time, wells 
were pulsed with MTS (40 jU/well) (Promega) for 4 to 6 hours prior to termination of 
cultures. Incorporation of MTS was determined by measuring absorbance at 490 and 
is a measure of T cell proliferation. 

Figure 36A and Figure 36B show the results of T cell proliferation assays 
using cells from injected and control mice. In Figure 36A, the T cells were isolated 
from mice receiving IM injections of the sc-IA d /blank plasmid (and saline). In Figure 
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36B, mice received IM injections of the sc-IA d /OVA plasmid. Mice were challenged 
twice with the OVA peptide and T cells were isolated from the lymph nodes one week 
later. OVA-specific T cell proliferation assays were carried out as described above. 
T cells isolated from mice injected with the sc-IA d /OVA plasmid showed a significant 
reduction in the amount of OVA-specific proliferation compared those isolated from 
the control group injected with the sc-IA d /blank plasmid. These results show that 
expression of soluble sc-IA d /OVA molecules suppresses the clonal expansion of 
antigen-specific T cells in vivo. 

Administration of soluble single chain MHC molecules (e.g., soluble sc-MHC 
class II peptide fusion complexes or soluble loaded sc-MHC class II complexes) or 
DNA expression vectors coding for these molecules will alleviate immune disorders in 
mammals, particularly humans, which involve the undesirable presence or expansion 
of antigen specific T cells. For example, soluble single chain MHC molecules (e.g., 
soluble sc-MHC class II peptide fusion complexes) or DNA expression vectors coding 
for these molecules can be admixed with a pharmaceutically acceptable carrier 
substance, e.g., physiological saline, and administered to a mammal, e.g., a human, 
suffering from or likely to suffer from an immune disorder which involves the X 
undesirable presence or expansion of antigen specific T cells. Examples of other 
pharmaceutically acceptable carriers are well known (see e.g., Remington's 
Pharmaceutical Sciences, Mack Pub. Co., Easton, PA, 1980). One particular mode 
of administration is intramuscular, although other modes may be used (e.g., oral, 
nasal, intravenous, parentaeral, or transdermal), which mode will depend upon the 
condition being treated and the general status of the animal and will be apparent to 
those skilled in the art. The dosage of the soluble single chain MHC fusion molecule 
will also vary, depending on such factors as the type and severity of the immune 
disease, but will generally be at a dosage sufficient to suppress the in vivo expansion 
of immune cells such as antigen specific T cells. A typical dosage range would be 1 



-124- 



ng to 10 mg of the soluble MHC class II molecule per kg body weight. Treatment 
may be repeated as deemed necessary, e.g., each day. 

It will also be understood that cells bearing all or most MHC molecules of the 
invention can be adminstered to a mammal at a dosage sufficient to suppress or induce 
T cells. T cell activity can be detected by assays described herein. 

It will be apparent that other soluble loaded single chain MHC molecules can 
be used to treat the undesirable presence or expansion of antigen specific T cells in 
vivo. For example, a presenting peptide of about 6 to 30 amino acids (inclusive) can 
be mixed in at least an equimolar ratio with a suitable soluble empty single chain 
MHC molecule to form the corresponding loaded molecule. The loaded molecule can 
then be admixed with a pharmaceutically acceptable carrier and administered to a 
mammal, e.g., a human, to treat an immune system disorder as described above. 

F.xamole 31 - Construction and use of transgenic mice bearing a single chain 
MHC complex 

A transgenic mouse can be constructed which bears one or more genes 
encoding any of the single chain MHC molecules of the invention. As examples of 
preferred single chain MHC molecules, single chain MHC class II peptide fusion 
molecules with a single transmembrane domain in the a or £ chain (or portion 
thereof), soluble single chain MHC class II peptide fusion molecules, and single chain 
MHC class II molecules bearing one or more hydrophilic amino acids to increase 
solubility (e.g., the 6X His tag, supra) can each be used to construct transgenic mouse 
strains. Such mouse strains will serve as valuable in vivo models for, e.g., the 
suppression or expansion of antigen specific T cells. In addition, cells derived from 
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such transgenic animals can be used to establish an immortal cell line that retains at 
least some of its differentiated characteristics while proliferating indefinitely in vivo. 

A transgenic mouse can be made which bears a soluble single chain MHC 
5 class II peptide fusion molecule. For example, DNA constructs encoding soluble sc- 
IA d /OVA or sc-IA d /gD molecules, supra, can be linked to a selected cell or tissue 
specific promoter and/or enhancer and the resultant hybrid gene introduced, by 
standard methods (e.g., as described by Leder et al., U.S. Patent No. 4,736,866, 
Warner et al. U.S. Pat. No. 4,873,191, and Ohashi in The Immunologist, 2, 87-92, 
10 herein incorporated by reference), irito an animal embryo at an early developmental 
stage (e.g., the fertilized oocyte stage), to produce a transgenic animal which 
expresses elevated levels of the desired activity in selected cells or tissues (e.g., T 
cells or neuroectodermal, endothelial or angiogenic tissues). 

15 Transgene-positive animals (founder animals) will be mated with non- 

transgenic animals and the progeny (f 1 animals) are screened for transmission of the 
transgene DNA. The fl transgene-positive animals are hemizygous for the transgene 
DNA and homozygous transgenic animals can be generated by suitable sibling X 
matings. Each founder animal and its transgenic progeny are unique in comparison to 

20 other transgenci mice established with same transgene. Integration of the transgene 
DNA into mouse genomic DNA is random and the site of integration can profoundly 
effect the levels, and the tissue and developmental patterns of transgene expression. 
Consequently, a number of transgenic mouse lines will be established and screened for 
selection of those animals with the most appropriate expression patterns. 

25 

Transgenic lines are evaluated by the levels of transgene expression and the T 
cell assays described herein. Expression at the RNA level is determined initially to 
identify and quantitate expression-positive animals. Standard techniques for RNA 
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analysis are employed and include PCR amplification assays using oligonucleotide 
primers designed to amplify only transgene RNA templates and solution hybridization 
assays using transgene-specific probes (see, e.g., Ausbel et al. supra). The RNA- 
positive animals are then analyzed for protein expression by Western immunoblot 
using, e.g, IA d or OVA specific antibodies (see, e.g., Ausubel et al. supra). In 
addition, in situ hybridization and immunocytochemistry can be suitably employed 
using transgene-specific nucleotide probes and antibodies, respectively, to localize 
sites of expression within transgenic tissue. 

In accordance with the methods described herein it will be possible to reduce 
the activity of OVA or gD specific T cells in selected transgenic mouse strains. The 
form of DNA utilized can be one which encodes an MHC molecule similar to the 
animal species used, or it can encode the homolog of a different species (e.g., 
human). The level of T cells in the transgenic animal can be evaluated by T cell 
assays described herein. 

It will be understood that by "transgene" is meant DNA which is entirely 
heterologous (i.e., foreign) to the transgenic mouse, and which is inserted into the 
mouse genome. 

It will also be understood that by "promoter" is meant a segment of DNA to- 
which a transcriptional enzyme complex binds prior to initiating transcription of the 
gene. For construction of transgenic mice, preferred promoters include the IA d 
promoter and the rat insulin promter described by Ohashi et al. in Cell 65, 305-317 
(1991). 

The invention has been described with reference to preferred embodiments 
thereof. However, it will be appreciated that those skilled in the art, upon 
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consideration of this disclosure, may make modifications and improvements within the 
spirit and scope of the invention. 




